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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geoixdgical  Survey, 

WoHhington,  D.  C,  March  31^  190^. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript,  entitled 
^Contributions  to  the  Hydrology  of  Eastern  United  States,  11H>4.-' 
This  paper  is  the  second  of  a  series  of  contributions  relating  largely 
to  the  hydro- j^eology  of  the  eastern  portion  of  the  country',  the  first 
hiving  been  published  as  Water-Supply  and  Irrigation  I^aper  No.  102, 
tod  has  been  x>repar€Kl  as  the  result  of  investigations  of  underground 
currents  and  artesian  wells,  as  authorized  by  law.  It  includes  23  short 
papers  by  19  geologists,  physicists,  and  others  connec*ted  with  the 
eastern  section  of  the  division  of  hydrology.  The  aim  is  to  present 
the  results  of  subordinate  lines  of  investigation  which,  because  of  their 
limited  length,  do  not  warrant  separate  publication. 

Anuml)er  of  points  of  unusual  interest  are  considered  in  the  report. 
A  full  description  of  the  electrical  apparatus  devised  by  Prof.  C.  S. 
Slichter  for  measuring  underflow  is  presented  for  the  first  time.  The 
^ription  of  the  exix»riment  at  Quitman,  Ga.,  for  determining  the 
liability  to  pollution  of  deep  wells  is  an  account  of  a  practical  investi- 
gation which  proved  to  l)e  of  great  importance  in  preventing  steps 
that  might  have  led  to  a  serious  contamination  of  the  undt^rground 
waters  and  a  possible  epidemic. 

Very  respectfully,  F.  II.  Newell, 

(  7/  iff  Engineer*, 
Hon.  Ciiarlks  I>.  Waloott, 

DlrecUn'  Uniteil  Stntes  Geological^  JSurvey, 
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INTRODUCTION. 


Bv  M.  L.  Fuller. 


OBJECT  OF  REPOKT. 


The  present  paper,  which  is  the  second  of  the  series  of  "Contribu- 
tions to  the  Hydrology  of  Eastern  United  States,"  inchides  23  short 
reports  by  19  geologists  and  others.  Of  these  the  longer  papers  have 
heen  contributed  by  those  connected  with  the  eastern  section  of  the 
division  of  hydrology,  but  several  that  embody  summaries  of  the 
water  resources  of  regions  covered  by  geologic  investigations  have 
been  prepared  by  members  of  the  geologic  branch.  The  aim  in  pre- 
paring the  report  is  to  present  the  results  of  subordinate  investigations, 
the  length  or  scope  of  the  reports  of  which  do  not  warrant  their 
publication  as  separate  papers.  In  this  way  there  is  presented  a 
considerable  amount  of  material  of  local  interest,  especially  in  regions 
where  complete  investigations  are  not  practicable.  The  paper  is  also 
intended  to  afford  opportunity  for  publication  of  the  results  of  labora- 
tory or  other  physical,  mechanical,  or  mathematical  investigations 
^wiring  on  underground  water  supplies. 

SUMMARY. 

The  papers  included  may  be  briefly  summarized  as  follows: 

Description  of  the  Underflow  Meter  used  in  Measuring  the  VehuMty  and  Direction 
<»f  Undeiigronnd  Water,  by  Charles  S.  Slichter. 

The  electrical  apparatus  described  in  this  paper  is  intended  to 
replace  the  inaccurate  estimation  of  underflow  based  on  size  of  mate- 
rial and  head,  and  the  troublesome  crhemical  method.  Commonly  the 
test  wells  required  by  the  present  method  consist  of  a  group  of  four 
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2-inch  driven  wells,  one  located  on  the  side  from  which  the  flow  is 
expected  and  the  other  three  in  the  arc  of  a  circle  4  or  0  feet  in  radius 
on  the  downflow  side.  These  are  from  24  to  30  inches  apart.  Elec- 
trical (connection  is  made  with  CAch  well  and  the  ui^streani  well  is 
charged  with  sal  ammoniac  or  other  electrolyte.  The  appearance  of 
the  salt  at  or  near  any  one  of  the  lower  wells  is  recoixled  by  an  electric 
d(»vice,  of  which  there  are  two  types,  non recording. and  recording.  A 
full  description  of  the  construction  and  use  of  the  apparatus  is  given. 

The  California   or  "  Stove- Pii)e"   Method  of  Well  Construction,   by  Charkv  S. 
Slichter. 

In  the  larger  number  of  the  wells  in  the  gravels,  sands,  etc.,  of  the 
Coastal  Plain  regions  of  the  Atlantic  States  and  elsewhere,  the  hole  is 
tightly  (*ased  throughout,  the  onl}^  point  of  entrance  for  the  water 
being  at  the  bottom.  Only  one  water  bed  can  be  drawn  upon  in  such 
welLs.  In  California,  and  to  some  extent  elsewhere,  however,  a  method 
is  in  use  whereby,  by  means  of  cjisings  perforated  at  intervals,  water 
van  enter  the  well  at  a  numl)er  of  different  levels.  The  casing  con- 
sists of  a  steel  shod  *'  starter/'  15  to  25  feet  long,  and  sections  of  steel 
pipe  2  feet  in  length  overlapping  with  flush  joints.  The  casing  is 
forced  downward,  length  by  length,  by  hydraulic  jacks  to  the  desired 
depth.  In  one  well  a  depth  of  over  1,300  feet  has  been  reached. 
After  the  well  has  been  forced  to  the  required  depth  a  cutting  knife, 
two  types  of  which  are  figured  in  the  paper,  is  lowered  and  slits  or 
holes  are  cut  through  the  casing  at  the  points  where,  according  to  the 
record,  water  is  known  to  occur.  As  much  as  400  feet  of  a  500-foot 
well  may  be  perforated  if  the  conditions  demand  it.  The  type  of  well 
described  has  many  advantages  in  addition  to  that  of  rendering  several 
sources  of  water  simultaneously  available,  and  will  doubtless  be  of 
great  value  in  many  localities  in  the  ea^t  when  the  waters  at  the  differ- 
ent levels  are  under  similar  heads. 

Approximate  Methods  of  Measuring  the  Yield  of  Flowing  Wellp,  by  (Charles  S. 
Slichter. 

In  this  paper  descriptions  of  simple  methods  and  tables  for  the 
approximate  field  determinations  of  the  yield  of  artesian  wells  are 
given.  The  tables  relating  to  completely  filled  pipes,  both  horizontal 
and  vertical,  are  reprinted  from  a  private  report  by  J.  E.  Todd,  while 
those  relating  to  me^isurement  of  flows  from  partially  filled  horizontal 
and  inclined  pipes  are  new.  The  onh^  instrument  recjuired  is  a  foot 
rule,  and  the  mc^asurement,  which  consists  in  measuring  the  height  of 
the  jet  in  the  case  of  a  vertical  pipe  or  its  lateral  projection  in  the  case 
of  a  horizontal  pipe,  can  be  made  in  a  few  moments.  The  results  are 
within  about  10  per  cent  of  the  actual  flow,  which  error  is  no  greater 
than  the  average  daily  variation  of  flow  due  to  changes  of  barometric 
pressure. 
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Necessary    in  Accurate  Determinations  of  Flow  From  Vertical  Well 
Notes  fiimij«hed  by  A.  N.  Talbot. 

ler  dcalM  >vith  certain  corrections  which  it  i.s  necessary  to 
le  ligureH  of  the  field  tables  compiled  by  J.  K.  Todd  and 
Slichter  in  those  cases  where  refined  measurements  of  flows 
cal  well  i-asiiigs  are  desired.  A  simple  apparatus  for  meas- 
leight  of  the  water  jet  is  illustrated,  and  a  diagram  showing 
the  cot^fficients  of  discharge  is  given.  It  was  found  that 
ess  than  a  foot  in  height  the  actual  discharge  is  from  7^  to 
nt  lower  than  the  discharge  computed  from  the  tables  for 
i)-inch  pii>es. 

»nt  Relating  to  Problems  of  Well  Contamination  at  Quitman,  Ga.,  by 
iUie. 

)f  the  disastrous  epidemics  which  have  visited  the  towns  and 
this  country  have  been  traced  to  polluted  drinking  water, 
ent  paper  deals  with  a  successful  effort  made  to  determine  the 
y  of  pollution  of  the  deep  wells  at  Quitman,  Ga.,  the  result 
I  was  to  prevent  a  step  that  might  have  had  fatal  results. 
1  drilled  in  19u3  at  Quitman  a  cavity  containing  what  was 
[  as  a  subterranean  stream  was  encountered,  and  it  was  thought 
h  a  stream  would  afford  an  admirable  method  of  disposing  of 
8  sewage.  Objections  were  at  once  raised,  however,  on  every 
cause  of  the  liability  of  pollution  of  wells  or  springs  of  the 

To  test  this  possibility  2  tons  of  salt  were  put  into  one  of 
5,  while  samples  of  water  from  all  other  wells  and  sj)rings  in 
lity  were  taken  at  short  intervals  and  analyzed.  The  results 
that  the  salt  had  penetrated  the  deep  wells  and  demonstrated 
emptying  of  sewage  into  the  underground  stream  would  have 

in  the  pollution  of  the  waters  of  all  the  deep  wells  in  town 
Id  possibly  have  led  to  a  serious  epidemic. 
w  Art4wian  AVater  Supply  at  Ithaca,  N.  Y.,  by  Francin  L.  Whitney, 
s  paper  Mr.  Whitney  presents  an  account  of  the  outbreak  of 
loid  epidemic  of  1903  and  the  steps  taken  i)y  various  local 
>  obtain  a  pure  supply.  The  deep  wells  sunk  in  the  gravels, 
id  cla3^s  in  the  valley  of  Cayuga  Inlet  just  above  Ithaca  are 
d,  and  the  source  and  geologic  occurrence  of  the  supply  are 
i.  Records  of  aft  of  the  wells  are  given,  the  more  important 
lown  by  diagi*ams.     The  success  of  the  wells,  both  as  to  the 

and  the  quality  of  the  water,  is  of  special  interest,  as  like* 

could  doubtless  be  obtained  at  many  points  in  New  York  and 
viand  which  are  similarly  situated. 

Wells   of   the   Tria^sio   Area  of   the   (-onnecticnt  Vjilley,  by  W.    II.   C 

aper  gives  a  sketch  map  and  sectioii  showing  the  principal 
features  of  the  area  and  describes  the  character  and  succession 
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of  the  eastward-dipping  series  of  sandstones,  shales,  and  interbedded 
or  intruded  traps  throughout  the  Triassic  area  of  Massachusetts  and 
Connecticut.     The  geologic  discussion  is  followed  by  descriptions  of  a    \ 
considerable  number  of  wells,  in  which  several  points  of  interest  arej 
emphasized,  including  the  nearly  uniform  water-bearing  character  ofl 
the  sandstones,  the  high  percentage  of  mineral  matter  present  in  all  the 
water,  and  the  general  absence  of  flowing  wells. 

Triaasic  Rocks  of  the  Connecticut  Valley  as  a  Source  of  Water  Supply,  by 
M.  L.  Fuller. 

In  this  paper  a  review  is  given  of  the  occurrence  of  waters  in  Tri- 
assic rocks  of  various  types,  including  conglomerates,  sandstones, 
shales,  and  traps,  and  the  structure,  jointing,  and  faulting  of  the  rocks 
and  their  influence  on  the  undei  ground  waters  are  described.  Sum- 
maries of  the  conditions  favorable  and  unfavorable  to  flowing  water 
are  given  and  a  number  of  important  conclusions  presented.  While 
all  of  the  Triassic  rocks  except  the  traps  will  usually  be  found  to  be 
water  bearing,  the  conditions,  because  of  the  interruption  of  th^  beds 
due  to  faulting  or  jointing,  will  rarely  be  favorable  to  flowing  wells, 
and  high  heads  can  never  be  expected.  The  water  will  in  most  instan- 
ces be  found  to  be  highly  mineralized,  but,  except  possibly  in  the 
shallower  wells  in  crowded  cities,  will  rarely  be  subject  to  pollution. 
Attention  is  called  to  the  need  of  keeping  accurate  records  and  of 
thoroughly  testing  each  well;  and  the  question  of  the  proper  depth  of 
wells  is  discussed. 

Spring  System  of  the  Decaturville  Dome,  Camden  County,  Mo.,  by  E.  M. 
Shepard. 

In  the  center  of  this  area  is  a  maas  of  granite  (pegmatite)  that  has 
apparently  been  thrust  upward  through  the  surrounding  Paleozoic 
limestones  and  other  rocks,  which  are  thereby  tilted  away  from  it  in 
all  directions.  The  dome  thus  formed  is  surrounded  at  a  distance 
of  several  miles  by  a  line  of  springs,  the  channels  of  which  seem  to 
radiate  from  the  center  of  the  dome,  from  which  direction  the  waters 
appear  to  come.  Several  deep  flowing  wells  in  similar  situations  also 
derive  water  from  the  outward-sloping  rocks.  Descriptions  are  given 
of  many  of  the  springs,  some  of  which  are  of  immense  size  and  pre- 
sent many  points  of  interest. 

Water  Resources  of  the  Fort  Ticonderoga  Quadrangle,  Vermont  and  New  York, 
by  T.  Nelson  Dale. 

In  this  area,  which  lies  on  the  line  between  Vermont  and  New  York, 
there  are  several  important  towns,  including  Ticonderoga  in  New 
York,  and  Proctor,  Brandon,  Poultney,  and  West  Rutland  in  Ver- 
mont. The  land  varies  considerably  in  altitude,  ranging  from  low 
plains  near  Lake  Champlain  to  ridges  2,700  feet  high,  such  as  the  one 
southwest  of  West  Rutland.     In  general  the  region  is  well  watered, 
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having  numerous  springs  and  streams.  The  larger  streams  have,  how- 
cTer,  become  subject  to  ]K)lIation  as  the  industries  and  towns  along 
their  banks  have  grown  up.  The  limestones  or  dolomites  of  the  area 
would  doubtless  yield  water  if  penetrated  by  deep  wells,  but  it  would 
probably  be  hard  and  in  some  cases  might  be  liable  to  pollution.  The 
sandy  portion  of  the  drift  yields  considerable  quantities  of  water, 
hut  the  clays  near  the  lake  give  unsatisfactory  supplies. 

Water  Reeoarcee  of  the  Taconic  Quadrangle,  New  York,  Massachusetts,  and  Ver- 
mont, by  F.  B.  Taylor. 

The  center  of  this  area  falls  almost  exactly  at  the  point  at  which  the 
boundaries  of  the  three  States  mentioned  come  together.  The  area  is 
mountainous  except  in  the  western  third,  although  it  contains  valleys 
with  bottoms  as  low  as  350  feet  alx)ve  sea.  The  drainage  is  by  the 
Hoo^ac  River,  along  which,  as  well  as  along  its  tributaries,  there  are 
water  powers  that  are  either  utilized  or  available.  Practically  all  the 
cities  and  towns  in  the  quadrangle  obtain  their  water  supplies  from 
nx>untain  streams,  but  a  large  proportion  of  the  rural  inhabitants  pro- 
cure their  supplies  from  springs.  One  important  mineral  spring, 
developed  at  a  sanitarium,  occurs  along  a  probable  fault  line. 

Water  Ref^ources  of  the  Watkins  Quadrangle,  New  York,  by  Ralph  8.  Tarr. 

The  paper  gives  a  general  description  of  the  water  resources  of  this 
region,  which  includes  the  cities  of  Elmira  and  Ithaca,  in  the  southern 
portion  of  the  State.  Special  attention  is  given  to  the  subject  of 
obtaining  artesian  supplies  from  the  deep  gravel-tilled  valleys,  and 
the  steps  taken  to  obtain  pure  supplies  from  such  a  source  at  Ithaca 
after  the  typhoid  epidemic  of  1903,  are  described.  A  number  of 
analyses  are  given. 

Water  Resources  of  the  Central  and  Southwestern  Highlands  of  New  Jersey,  by 
Laurence  La  Forge. 

The  region  treated  in  this  pap)er  is  that  part  of  the  Highlands  which 
lies  south  of  Andover  and  Pompton,  including  about  two-thirds  of  the 
Highland  area  of  the  State.  The  population  is  mainly  located  in 
villages  and  is  dependent  largely  upon  manufacturing  industries  for 
support.  The  rocks  arc  principally  of  granitic  types,  hut  some  con- 
glomerate and  quartzite  occurs.  Lakes  and  ponds  are  numerous  in  a 
part  of  the  area  and  streams  are  abundant  and  afford  numerous 
water  powers  as  well  as  the  supply  for  the  Morris  Canal,  while  springs 
are  common  and  furnish  water  to  a  considerable  number  of  towns.  The 
^uqJus  water,  of  which  there  is  considerable,  may  in  the  future  become 
of  great  importance  as  a  source  of  supply  for  the  large  and  rapidly 
growing  urban  district  near  New  York.  The  paper  describes  the 
needs  of  this  district  and  the  amount  and  character  of  the  water  and 
its  availability  as  a  source  of  supply. 
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Water  Rt»soiircoH  of  the  Chanil)er8burg  and  Mercereburg  Quadrangles,  Penn- 
sylvania, by  (ieorge  W.  Stose. 

The  Chambershurg  and  Mercersburg  <iuadrangle8  are  located  in  the 
Cumberland  Valley,  in  southern  Pennsylvania,  and  include  the  two 
important  towns  from  which  they  are  named.  They  are  crossed  by 
several  mountain  ridges  and  l\v  many-  streams  that  afford  water  powers, 
some  of  which  have  already  been  utilized.  Many  springs  are  fooiid 
in  the  various  rocks,  especially  in  the  limestone,  some  of  which  have 
been  developed  as  attractive  resorts.  The  public  water  supplies  aie  '' 
obtained  largely  from  spring-fed  mountain  streams,  and  in  sevenl  J 
instances  directly  from  springs. 

Water  Resources  of  the  Cun^ensville,  Patton,  El^ensburg,  and  Bamesboro  Qnadh  i 
rangles,  Pennsylvania,  by  F.  ( f.  Clapp. 

These  quadrangles  are  situated  near  the  eastern  edge  of  the  bibi- 
minous  coal  field,  and  lie  mostly  within  the  limits  of  Clearfield  and 
Cambria  counties.  The  region  is  one  of  high  ridges  alternating  with 
valleys.  Springs  are  abundant  and,  except  in  towns,  constitute  tho 
main  source  of  water  supply.  The  once  noted  Cresson  Springs  are  itt 
the  area.  Many  wells  obtain  abundant  supplies,  both  from  the  stream 
gravel  and  from  the  rocks.  In  some  places  flowing  wells  are  obtained. 
More  than  ten  towns  are  equipped  with  water  systems.  The  majority 
obtain  their  supplies  from  streams,  but  several  procure  water  from 
springs  or  deep  wells. 

Water  Resources  of  the  Elders  Ridge  Quadrangle,  Pennsylvania,  by  Ralph  W. 
Stone. 

This  quadrangle  lies  in  Armstrong  and  Indiana  counties,  in  the  west- 
central  part  of  the  State.  In  general  the  surface  is  moderately  hilly 
and  is  drained  by  Kiskiminitas  River  and  other  streams  that  flow  west- 
ward into  Allegheny  River.  Some  present  available  water  powers. 
The  region  is  distinctly  a  rural  district,  without  large  towns,  and 
springs  and  shallow  wells  afford  the  only  source  of  water  supply.  The 
Mahoning  and  Pittsburg  sandstones,  which  overlie  the  coals  of  the 
same  name,  are  the  best  water  bearers. 

Water  Resources  of  the  Waynesburg  Quadrangle,  Pennsylvania,  by  Ralph  W. 
Stone. 

The  Waynesburg  quadrangle  is  located  in  Greene  County,  in  the 
southwest  corner  of  the  State.  The  topography  is  uniformly  hilly, 
the  crests  standing  generally  not  over  500  feet  above  the  valleys. 
The  area  is  drained  eastward  into  the  Monongahela  by  streams  of  low 
grade  and  small  volume,  with  few  if  any  available  water  powerH. 
Thecit}'  of  Waynesburg  obtains  its  public  water  supply  from  a  near-by 
stream,  Init  the  water  is  frequently  highly  charged  with  silt  and  U 
generally  unsatisfactory- .  The  smal Um*  towns  depend  on  shallow  private 
wells.     Some  of  the  rock  wells  yield  good  supplies,  especially  those 
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rawing  water  from  the  Waynesburg  8and8tx)ne.  In  drilling  welln  to 
le  rock,  however,  care  niu«t  be  taken  not  to  penetrate  the  coal. 
priog^tare  numerous  but  small. 

Water  Resources  of    the  Accident  and  Grantsville  Quadrangles,  Maryland,  by 

C.  Martin. 

The  area  covered  by  this  paper  is  located  in  the  '^handle/'  in  the 
(trenie  western  portion  of  Maryland.  The  topography  is  essentially 
latof  a  plateau^  standing  between  2,500  and  3,000  feet,  above  which 
sea  number  of  ridges.  It  is  drained  by  Youghiogheny,  Castleman, 
id  Savage  rivers,  all  of  which  would  afford  good  water  supplies. 
pringj^are  numerous,  especially  along  the  outcrop  of  the  Greenbrier 
mestone.  The  possibilities  of  artesian  waters  have  not  been  tested, 
Ithough  bore  holes  sunk  for  other  purposes  have  given  flowing  water. 
t  is  probable  that  such  flows  would  be  afforded  by  each  of  the  three 
ynclines  which  cross  the  area. 

Water  Resources  of  the  Frostburg  and  Flintetone  Quadrangles,  Maryland  aiHl 
^otVirgiiua,  by  G.  C.  Martin. 

These  quadrangles  lie  just  cast  of  the  Grantsville,  mainly  in  west- 
'rn  Maryland.  They  are  crossed  by  a  number  of  ridges  that  rise  as 
ligh  as  3,000  feet,  between  which  are  valleys  of  considerably  lower 
evel.  Through  these  valleys  pass  the  north  and  south  branches  of 
Potomac  River  and  a  number  of  smaller  streams.  The  smaller 
treams  are  unpolluted  and  generally  afford  good  water.  Springs 
ibuund  in  the  limestone  regions.  Artesian  water  is  found  in  sand- 
tones  of  Carboniferous  age,  and  it  is  thought  that  the  Oriskaiiy  and 
Tiwcarora  sandstones  probably  carry  artesian  water  in  the  synclines. 
^  large  part  of  the  water  supply  of  Frostburg  is  obtained  from  an 
itesian  well,  but  except  at  Cumberland,  there  is  otherwise  little 
lemand  for  ai-tesian  water. 

Water  Resources  of  the  CJowee  and  Pisgah  Quailrangles,  North  C-aroliiia,  hy 
loytS.Ciale. 

The  Co  wee  and  Pisgah  quadrangles  are  located  in  the  heart  of  the 
Jouthem  Appalachians,  in  the  extreme  western  part  of  North  Caro- 
ina.  They  are  tmversed  by  French  Broad  River  and  other  streams 
*'hioh  present  available  water  power  at  many  points.  The  whole 
■cgion  alK)unds  with  springs,  generally  of  pure  water,  })ut  a  few  niin- 
iral  springs,  especially  chalybeate,  occur.  Of  these  the  carbonate 
iprings  are  usually  associated  with  hornblendic  gneiss,  while  the  cha- 
yl)eate  waters  are  associated  with  pyrite  deposits  along  faults.  Ver\" 
ew  wells  have  been  sunk  in  the  area. 

Water  K4'Sf*ur<;es  of  the  Middleslxjro-Harlan  Region  of  Sontlicaftern  Kentucky, 
»y(ieorgi'  If.  Ashley. 

This  region  is  in  a  general  way  a  broad  basin  lying  l)etw«Hni  two  hio:h 
"ountain  ridges.     The  mrface  is  cut  by  deep  ravines  se\vav\vUH\  >a 
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sharp  crests.  The  rocks  are  of  the  Coal  Measure  series  and  yiela 
abundant  springs,  which  form  the  main  source  of  supply  of  the  s<«t- 
tered  inhabitants.  Shallow  wells  are  frequently  relied  upon  in  the 
bottom  lands.  No  deep  wells  have  been  drilled  for  water,  but  flowing 
water  has  sometimes  been  obi<»incd  from  wells  drilled  for  oil.  The 
public  supplies  of  Middlesboro  and  Pineville,  the  two  principal  towas. 
are  obtained  from  spring-fed  mountain  streams.^  SonuT^'ailable  water 
powers  exist. 

Summary  of  the  Water  Supply  of  the  Ozark  Region  in  Northern  Arkansas,  by 
(Teorge  I.  Adams. 

This  area  includes  portions  of  the  Boston  Mountain  belt  and  the 
Springfield  and  Salem  uplands,  the  limits  of  which  are  shown  in  fig.  32. 
The  rocks  consist  largely  of  Ordovician  dolomites  and  Carboniferous 
limestones,  the  former  being  confined  mainly  to  the  Salem  upland. 
Springs  are  especially  numerous  in  the  Boone  limestone  and  chert  and 
the  Ordovician  dolomites,  but  some  are  also  found  in  the  Key  sand- 
stone. Some  of  the  springs  are  of  immense  size,  and  many  have  been 
developed  as  resorts. 

Notes  on  the  Hydrology  of  Cuba,  by  M.  L.  Fuller. 

During  the  American  occupation  of  Cuba  much  interest  was  aroused 
in  the  water  resources  of  the  island,  and  special  attention  was  given  to 
the  problem  of  water  supplies  for  the  various  cities.  This  paper  gives, 
after  a  rdsum^  of  geology,  topography,  and  drainage,  a  summary  of  the 
natural  water  resources,  including  underground  streams  and  springs, 
accounts  of  the  public  water  supplies,  and  descriptions  of  the  wells 
sunk  ])y  the  War  Department  for  the  various  military  posts.  Among 
the  principal  water  supplies  are  those  of  Habana,  Matanzas,  Cardenas, 
Cienfuegos,  Guantanamo,  and  Santiago.  Underground  water  courses 
in  the  soft  limestone,  some  of  them  of  considerable  size,  are  every- 
where present,  and  springs  are  very  common  in  many  regions.  The 
waters  are  generall>'  pure,  except  for  the  lime,  but  mineral  waters 
have  been  exploited  for  drinking  or  bathing  purposes  at  a  number  of 
localities.  The  wells  drilled  by  the  War  Department  were  located  at 
a  considera])le  number  of  scattiM-ed  points.  In  general  they  were  suc- 
cessful in  obtaining  supplies  at  a  moderate  depth. 


DESCRIPTION  OF  UNDERFLOW  METER  USED  IN  MEAS- 
URING inE  VELOCITY  AND  DIRECTION  OF  MOVE- 
MENT OF  UNDERGROUND  WATER. 
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By  Chables  S.  Slichteb. 


A  brief  description  of  the  writer's  electrical  method  of  measuring 
the  velocities  of  underground  water  was  printed  in  the  Engineering 
News  of  February  20,  1902,  and  in  Water-Supply  and  Irrigation 
Paper  No.  67  of  the  United  States  Geological  Survey.  The  present 
account  will  give  a  more  detailed  description  of  the  form  of  the 
apparatus. 

APPARATUS. 

The  apparatus  used  is  of  two  types:  (1)  direct-reading,  or  hand 
apparatus,  which  requires  the  personal  presence  of  the  operator  every 
hour  for  reading  of  instruments,  and  (2)  recording  apparatus,  which 
requires  attention  but  once  in  a  day.  The  arrangement  of  the  test 
wells  and  manner  of  wiring  the  wells  is  essentially  the  same  in  both 
forms  and  will  now  be  described. 

TEST  WELLS. 

The  test  wells  may  be  common  li  or  2  inch  drive  wells  if  the  soil 
and  water-bearing  material  are  easily  penetrated,  and  if  the  depths  to 
be  reached  do  not  exceed  40  feet.  For  greater  depths  and  harder 
materials  wells  of  heavier  construction  should  be  used.  The  test 
wells  put  down  by  the  Commission  on  Additional  Water  Supply  for 
Greater  New  York  in  1903  are  suitable  for  ordinary  conditions  in  the 
eastern  part  of  the  United  States,  or  in  any  place  where  the  gravels 
are  not  too  coarse  or  too  compact.  These  test  wells  were  made  of  full- 
weight  standard  wrought-iron  2-inch  pipe,  in  lengths  of  6  or  7  feet, 
with  long  threads  (l^-inch)  and  heavy  wrought  nipples.  The  well 
points  were  4-foot  standard  brass  jacket  points.  No.  60  wire  gauze. 
For  wells  no  deeper  than  30  feet,  closed-end  points  were  driven,  but 
for  deeper  work  open-end  points  were  used.  The  test  wells  were 
driven  in  place  by  use  of  a  ram  from  150  to  250  pounds  in  weight, 
simultaneously  hydraulicking  a  passage  for  the  pipe  with  water  jet  in 
IBR  110—06 2  17 


18  HYDROLOGY    OF   EASTERN    UNITED   STATES,  1904.       Ixm.  110. 

three-fourth  inch  standard  wash  pipe.  In  tine  material  there  was 
coupled  ahead  of  the  open  end  well  point  8  or  4  feet  of  pipe  carrying 
a  shoe  coupling,  so  that  the  sand,  in  running  in  through  the  open  end 
of  the  well,  would  not  rise  above  the  bottom  of  the  screen  inside  of  the 
finished  well. 

Mr.  Homer  Hamlin,  of  Los  Angeles,  Cal.,  has  devised  a  powerful 
drilling  rig  run  by  a  gasoline  engine,  which  enables  him  to  sink  test 
wells  in  the  bowlder  gravel  of  that  locality.  He  uses  a  special  douhlr- 
strength  casing  with  flush  joints,  which  he  has  been  able  to  sink  to 
great  depths  with  his  remarkable  drilling  machine.  He  has  used  the 
electrical  method  for  determining  underflow  velocities  with  great 
success. 

The  test  wells  are  grouped  as  shown  in  fig.  1. 


Fig.  1.— Plan  of  arrangement  of  te«t  wells  umkI  in  determining  the  velocity  and  direction  of  moUoi» 
of  gronnd  waters.  A,  B.  C,  D  are  the  tent  wells.  The  direction  A-<'  is  the  diretrtitm  of  probable? 
motion  of  the  ground  waten*.  The  dimensions  given  in  plan  a  are  snitnble  for  depths  up  to  about  2?» 
or  80  feet;  those  in  plan  b  for  depths  up  to  about  75  feet.  For  greater  depths  the  distances  A— B. 
A— C,  A— D  should  be  increased  to  9  or  10  feet  and  tiie  distances  B— C  and  0— D  to  4  feet.  The  well 
A  is  the  "salt  well "  or  well  into  which  the  electrolyte  is  placed. 

In  case  the  wells  are  not  driven  deeixjr  than  25  feet,  an  "'  upstream" 
or  ''salt  well,"  A,  is  located,  and  three  other  wells,  B,  C,  and  D,  are 
driven  at  a  distanc*<3  of  4  feet  from  A,  the  distance  l>etween  B  and  C 
and  C  and  D  being  aliout  2  feet.  The  well  C  is  located  so  that  the 
line  from  A  to  C  will  coincide  with  the  probable  direction  of  the 
ground-water  movement.  This  direction  should  coincide,  of  course, 
with  the  local  slope  of  the  water  plane.  For  deeper  work  the  wells 
should  be  placed  farther  apart,  as  shown  in  the  right  portion  of  fig.  1. 
For  depths  exceeding  75  feet,  a  radius  of  8  or  9  feet  and  chords  of  4 
feet  should  be  used,  the  general  recjuirement  l)eing  that  the  wells 
should  be  as  close  together  as  possible,  so  as  to  cut  down  to  a  miniuuuii 
the  time  recjuired  for  a  single  measurement,  but  not  so  close  that 
important  errors  are  liable  to  be  introduced  by  the  inability  to  drive 
the  wells  perfectly  straight  and  plunlb.  On  this  account  the  deeper 
the  wells  the  farther  apart  they  should  b(»  placed.  The  angles  B  A  C 
and  CAD  should  not  exceed  30  degrees. 
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ELEXTROOE  AND   PERFORATED   BRASS  BUCKETS  USED   IN  CHARG\UG 
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METHOD  OF   WIRING. 

Kid-triad  connection  is  made  with  the  casing  of  each  test  well  by 
»ans  of  drilled  coupling  carrying  a  binding  i)ost.  Each  of  the  down- 
•oani  wells,  B,  C,  D,  contains  within  the  well  point  or  .screen  section 
I  electrode  consisting  of  a  nickeled  bi-ass  rod  three-eighths  inch 
i  4  feet,  insulated  from  the  casing  by  wooden  spools.  This  electrode 
)mmunicates  with  the  surface  by  means  of  No.  14  rubber-covered 
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^  2.~Diagnwn  illustratinflr  electrical  method  of  determininK  the  velocity  of  flow  of  j^round  water. 
The  frniuiid  water  is  supposed  to  be  moving  in  the  direction  of  the  arrow.  The  upstream  well  is 
fhtnred  with  an  electrolyte.  The  gradual  motion  of  tlie  ground  water  towanl  the  lower  well  and 
't*fin4l arrival  at  that  well  are  registered  by  the  ammeter  A.  B  is  the  battery  an<l  C  a  commutator 
<^lock  which  in  imed  if  A  is  a  recording  ammeter. 

wpper  wire.     Fig.  2  illustrates  the  armngemeiit  of  electiic  circuits 
^tween  the  upstream  well  and  one  of  the  downstream  weWs.     X\\ 
electrode   is  shown  in  PL  J.     At  left  of  cut  there  is  shown  vvw  e\ee- 
trode,  such  »sf  id  used  />  a  downatveaui  well.     The  electrode  is  4  i^et 
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loiif^,  iimde  of  three-eighths  inch  nickeled  hi-a88  rod.  Insulators  an 
of  w(K)d.  Tlie  end  of  rod  receiver  a  No.  14  rubber-covered  wire,  \i 
which  ^ood  contact  is  made  by  a  simple  chuck  clutch.  At  right  of  cii 
are  shown  two  buckets  of  i>erforated  brass  used  in  charging  welUwitk 
graiuilated  sal  ammonia<'.  Size  of  each  is  If  by  80  inches.  Each  ol 
the  downstream  wells  is  connected  to  the  upstream  well  in  the  manner 
shown  in  this  tigure. 

DIRECT-READING   METER. 

A  view  of  the  direct-reading  underflow  meter  is  shown  in  PI.  U, 
.1.     Six  standard  dry  cells  are  contained  in  the  bottom  of  the  boi, 
their  poles  being  connected  to  the  six  switches  shown  at  the  rear  of 
the  case.     By  means  of  these  switches  any  number  of  the  six  celb 
may  be  thrown  into  the  circuit  in  series.     One  side  of  the  circuit  ter 
mi  nates  in  eight  press  keys,  shown  at  the  left  end  of  the  box.    The 
other  side  of  the  circuit  passes  through  an  ammeter,  shown  in  ths 
center  of  the  box,  to  two  three-way  switches  at  right  end  of  the  hot 
Four  of  the  binding  posts  at  the  left  end  of  the  box  are  connected 
to  the  casing  of  well  A  and  to  the  three  electrodes  of  wells  B.  C, 
and  D,  in  order.     The  binding  ix)sts  at  the  right  end  of  the  box  are 
connected  to  the  casings  of  wells  B,  C,  and  D.     There  are  enougk 
binding  posts  to  permit  two  diifcrent  groups  of  wells  to  be  connected 
with  the  same  instrument.     When  the  three-way  switch  occupies  tta 
l)osition  shown  in  the  plate,  to  press  the  first  key  at  the  left  end  d 
\h)x  will  cause  the  anmieter  to  show  the  amount  of  current  betwed 
casing  of  well  A  and  casing  of  well  B.    When  the  next  key  is  pressei 
the  ammeter  will  indicate  the  current  lietween  the  casing  of  well  Bl 
and  the  electrode  contained  within  it.     In  the  first  case  the  current 
is  conducted  l>etween  the  two  well  casings  by  means  of  the  ground 
water  in  the  soil;  in  the  second  case  by  mesms  of  the  water  within  weU 
B.     By  putting  the  three-way  switch  in  secjond  position  and  pressing 
the  first  and  third  keys  in  turn,  similar  readings  can  be  had  for  cur- 
rent between  casings  A  and  C,  and  between  casing  C  and  its  intenuJ 
electrode.     Similarly,  with  switch  in  third  position,  readings  are  taken 
by  pressing  first  and  fourth  keys.     The  results  may  be  entered  in 
notebook,  as  shown  in  Table  1. 

The  principles  involved  in  the  working  of  the  apparatus  are  very 
simple.  The  upstream  well  A  is  charged  with  a  strong  electrolyte, 
such  as  sal  ammoniac,  which  passes  downstream  with  the  moving 
ground  water,  making  the  ground  water  a  good  conductor  of  electricity. 
If  the  ground  water  moves  in  the  direction  of  one  of  the  lower  welk 
B,  C,  D,  etc. ,  the  electric  current  between  A  and  B,  A  and  C,  or  A 
and  D  will  gi*adually  rise,  mounting  rapidly  when  the  electrolyte 
begins  to  touch  one  of  the  lower  wells.     When  the  electrolyte  finalh 
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WATER-SUPPLY    PAPER    NO.    110       PL.  II 


r      UNDERFLOW    METER.  SHOWING   CONNECTIONS   WHEN    USED   AS 
DIRECT    READING   APPARATUS. 
The  switches  at  back  of  case  throw  any  of  the  dry  cells  m  bottom  of  box  in  or  out  of 
Circu  t.      When   used  with  recording  ammeter,  only  two  connections  are   made, 
one  to  each  side  of  battery  circuit;   but  the  ammeter  is  left  m  circuit  with  the 
recording  instrument,  to  indicate  whether  the  latter  is  working  properly. 


B      COMMUTATOR   CLOCK,    FOR    USE   WITH    RECORDING  AMMETER. 
The  clock  makes  e'ectncal  contact  at  any  five-mmut«  interval. 
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reaches  and  enters  inside  of  one  of  the  wells  B,  C,  D,  it  forms  a  short 
circuit  Ijetween  the  casing  of  the  well  and  the  internal  electrode, 
causing  an  abrupt  rise  in  the  electric  current.  The  result  can  be 
easily  understood  by  consulting  Table  I  and  fig.  3,  in  which  the  cur- 
rent is  depicted  graphically. 

Table  \.—Fidd  record  of  electric  current  during  underflow  measurements  at  station  5, 
Rio  Hondo  and  San  Oahriel  River y  Calif omia,  August  6  and  6,  190^. 

[Readings  in  amperes  and  decimals  of  an  ampere.] 


WeUB. 

WeUC. 

Well  D. 

Time. 

Casing. 

Elec- 
trode. 

CMlng. 

Elec- 
trode. 

Casing. 

Elec- 
trode. 

Remarks,  a 

8a.  m 

0.140 
Salt. 
.160 
.168 
.180 
.192 
.202 
.205 
.208 
.210 
.218 
.226 
.230 
.240 
.260 
.276 
.360 
.420 
.610 
.660 
.660 
.620 

0.360 

.360 

.346 

.340 

.346 

.342 

.360 

.330 

.330 

.330 

.330 

.330 

.340 

.600 

.860 

1.660 

2.000 

2.200 

2.260 

2.260 

2.200 

0.142 
Salt 
.163 
.170 
.182 
.196 
.202 
.204 
.206 
.206 
.210 
.210 
.218 
.222 
.222 
.226 
.230 
.240 
.240 
.240 
.230 
.230 

0.332 

.330 
.326 
.320 
.340 
.320 
.320 
.310 
.310 
.310 
.310 
.320 
.315 
.310 
.310 
.310 
.310 
.310 
.310 

0.160 
Salt 
.170 
.180 
.192 
.202 
.210 
.210 
.210 
.210 
.212 
.218 
.220 
.223 
.225 
.225 
.230 

•  .230 
.230 
.230 
.230 
.225 

0.390 

'U5a.m 

8.30  a.  m 

INaCl 

2  NH4CI 

iNH,ca 

9a.  m 

1  NflCl 

10a.m 

.390 
.380 
.370 
.370 
.360 
.370 
.360 
.360 
.360 
.350 
.352 
.360 
.340 
.340 
.340 
.340 
.330 
.330 

1  NH.Cl 

11.40  a.m.... 

1p.m. 

1NH,C1 

2p.m 

3p.m 

INaCl 

4p.m 

Spim. 

1  NH,C1 

8p.m 

7p.m 

8p.m 

INaCl 

9p.in 

10.30  p.  m 

12  p.  m 

INH4CI 

la.in.ft. 

2.30  a.  m 

U5a.m 

5.30  a.  m 

7.45  a.  m 

j 

8.15  a.  m 

9a.m 

i 

1              \"' 

«  The  electrolyte  was  lowered  into  well  A  by  means  of  a  perforated  brass  bucket,  1)  by  30  inches  in 
«1».  The  formala  '*2NH4Cr'  means  that  two  of  these  buckets  full  of  ammonium  chloride,  were 
introduced  into  well  A  at  the  time  indicated.    Each  of  thcHe  buckets  held  2  pounds  of  the  salt. 

fr  August  6. 
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The  time  which  elapsos  from  the  charging  of  the  well  A  to  the  a 
val  of  the  electrolyte  at  the  lower  well  gives  the  time  uecessary  for 
ground  water  to  cover  the  distance  between  these  two  wells.  Henci 
the  distance  between  the  wells  be  divided  by  this  elapsed  time,  the  re, 
will  be  the  velocity  of  the  ground  water.  The  electrolyte  does 
appear  at  one  of  the  downstream  wells  abruptly;  its  appearance  tl 
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Fio.  3.— Curves  showing  electric  cuirent  between  casing  of  well  A  and  casing  of  well  B  ( 
curve),  and  between  caKing  of  well  Band  it«  internal  electrode  (dotted  curve),  at  station  i 
Gabriel  River,  California.  These  curves  illustrate  results  obtained  with  the  direct-reading  U 
apparatus. 

is  somewhat  gradual,  as  is  shown  by  the  curves  in  tigs.  3  and  4. 
time  rexjuired  for  the  electrolyte  to  reach  its  maxinmm  sti-ength  in 
of  the  downstream  wells  after  its  arrival  at  tliat  well  (and,  hence, 
time  required  for  tlie  cnirrent  to  reacli  its  maxinuun  value)  may  ' 
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from  a  few  uiiiiuten  in  a  case  of  high  ground  water  velocity  to  Hoveral 
bouro  in  a  oase  of  ]ow  velocity.  The  writer  formerly  Hupposed  that 
the  gradual  appearance  of  the  electrolyte  at  the  downstream  well  was 
larjjely  due  to  the  diffusion  of  the  dissolved  salt,  but  it  is  now  known 
that  diffusion  phiys  hut  a  small  pait  in  the  result.  The  principal  cause 
of  the  phenomenon  is  the  fact  that  the  central  thread  of  water  in  each 
capillary  pore  of  the  soil  moves  faster  than  the  water  at  the  walls  of  the 
capillary  pore,  just  as  the  water  near  the  central  line  of  a  river  chan- 
nel usually  flows  faster  than  the  water  near  the  banks.  For  this 
reason,  if  the  water  of  a  river  be  made  suddenly  muddy  at  a  certain 


9  10     12      2       4       6 

^**'  JUNE  21  &  22,  1903 


10     18      2      4       6       8      10     12 

VELOCITY  5.5  FEET  PER  DAY 


ftcl— Corven  showing  possibility  of  use  of  direct-n^ading  apparatus  when  well  points  are  not  used. 
The  casing  in  this  instance  consisted  of  common  black  2-Inch  pipe,  with  h  few  Hinall  holes  in  bottom 
«ftion.  The  "caaing"  curve  must  be  relied  upon  for  determining  velm'ity.  The  "electrode" 
curve  was  obtained  by  drawing  water  from  well  C,  as  shown  on  diagram,  the  charged  water  being 
drawn  into  the  well  through  the  small  holes  and  the  open  end  of  well. 

upstream  point,  the  muddiness  will  appear  somewhat  gradually  at  a 
downstream  point,  being  first  brought  down  by  the  rapidly  moving 
water  in  the  center  of  the  channel  and  later  by  the  more  slowly  moving 
water  near  the  banks.  The  effect  of  the  analagous  gradual  rise  in  the 
electrolyte  in  the  downstream  well  requires  us  to  select  the  ''point  of 
inflection"  of  the  curve  of  electric  current  as  the  proper  point  to 
determine  the  true  time  at  which  the  arrival  of  the  electrolyte  should 
i«  counted.     This  point  is  designated  by  the  letter  M  in  figs.  3  and  4. 
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Owing  to  the  repeated  branching  and  subdivision  of  the  eapillair 
pores  around  grains  of  sand  pv  gravel  the  stream  of  electrolyte  issuiif 
from  the  well  will  gradually  broaden  as  it  passes  downstream.  The 
actual  width  of  this  charged  water  varies  somewhat  with  the  velocity 
of  the  ground  water,  but  in  no  case  is  the  rate  of  the  divergence  very 


WLLL  SALTED  AT  9:00  P.M 


Pio.  5.— Diagram  showing  the  manner  in  which  the  electrolyte  spreads  in  passing  downstream  with 
the  ground  water.  The  shaded  circle  shows  the  location  of  the  salted  well,  and  samples  were  taken 
from  small  test  wells  placed  in  the  sand  in  rows  and  colnmns  at  intervals  of  6  inches,  shown  hj  doll 
in  the  diagram.  The  areas  of  the  circles  are  proportional  to  the  strength  of  the  electrolyte  found 
at  their  centers.  The  rough  outline  Indicates  the  area  covered  by  the  charged  water  at  the  timei 
specified.  The  velocity  of  the  ground  water  (in  the  direction  of  the  arrows)  was  12  feet  a  day.  B 
can  be  seen  that  the  electrolyte  barely  reached  a  distance  of  3  inches  against  the  dlrectioii  of  flow. 

great.  Figs.  5  and  6  show  some  actual  determination  of  the  spread  of 
the  electrolyte  around  a  well  in  a  coarse  sand,  in  one  case  the  ground 
water  moving  12  ^^^^  *  '^•^^  and  in  the  other  case  moving  23  feet  a  day. 
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)f  ground  water  were  taken  from  small  test  wells  placed  only 
ipart,  and  the  amount  of  salt  or  electrolyte  was  determined 
y.  The  amount  at  any  point  is  indicated  by  the  area  of  the 
town  in  the  diagrams.  It  will  l>e  seen  that  the  salt  barely 
aelf  at  a  distance  of  3  inches  upstream  from  the  well.  Three 
istream  from  the  well  the  width  of  the  salt  stream  was  about 
the  first  case  and  about  2  feet  in  the  other, 
•ssible  to  dispense  with  the  circuit  between  the  casing  of  well 
casing  of  each  of  the  other  wells,  as  the  short  circuit  between 
ind  electrode  forms  the  best  possible  indication  of  the  arrival 
Bctrolyte  at  the  downstream  well.  For  cases  in  which  the 
)f  ground  water  is  high  the  circuit  to  well  A  is  practically  of 
,  but  for  slow  motions  this  circuit  shows  a  rising  current 
le  arrival  of  the  electrolyte  at  the  lower  well,  often  giving 
IS  that  are  of  much  value  to  the  observer, 
jthod  can  be  used  successfully  even  if  only  common  pipe  be 
the  wells.  In  this  case,  however,  the  absence  of  screen  or 
3ns  in  the  wells  renders  the  internal  electrodes  useless,  and 
t  depend  upon  the  circuit  from  the  well  casing  of  the 
well  to  the  well  casing  of  the  downstream  well.  The  results 
[I  and  fig.  4  present  such  a  case. 

-Field  record  of  electric  current  obtained  at  station  1,  Mcutsapequa,  Long 
Idandj  June  ei,  190S,  toiih  direct-reading  underflow  meter, 

[Readings  in  amperes  and  dedmals  of  an  ampere.] 


Time. 

WellB. 

WellC. 

WellD. 

Casing. 

Electrode. 

Casing. 

Electrode. 

Casing. 

Electrode. 

0.03 

0.08 

0.03 

0.10 

0.03 

0.09 

.04 

.04 

.04 

.04 

.04 

.041 

.042 

.042 

.043 

.043 

.043 

.043 

.043 

.08 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

.079 

.078 

.078 

.078 

.078 

.04 

.039 

.04 

.04 
.04 
.04 
.04 

.095 
.092 
.097 
.095 
.091 
.092 
.090 

.036 
.036 
.039 

.088 

.088 

.087 

.059           .087 

.039 
.040 
.040 
.040 
.040 
.040 

.087 

.087 

.088 

.04 

.092 

.088 

.  04     i       .092 

.089 

3  3  i  3 

.094 
.(^94 
.094 
.094 

.088 

.040 

.090 

.041 
.041 

.090 
.090 

a  10  i»ound8  of  Hal  ammoniac  placed  in  well  A. 
62  pounds  of  sal  ammoniac  placed  in  well  A. 
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Table  II. — FiM  record  of  electric  current    obtairiefl  at  sUUion  i,   Majmijpeqwi,  Lon^ 
hlantfj  Jane  '^1,  190S,  with  direti-readmn  underflow  meter — Continueii. 


Time. 

Well  B. 

Well  C. 

Well  D. 

Casing.   1  Electrode. 

1 

Ca.<*iner. 

Electrode. 

Ciwlng.    Electrode 

4.30  p.  m 

0. 043       0.  078 

0.042 

0.095 

1 

0.041  I    com: 

5  p.  m 

.043 

.078 

.042         .09« 

.041 

.090 

5.30  p.  m 

.045 
.045 
.045 

.078 
.078 
.078 

.043 
.043 
.046 

.096 
.097 
.099 

.041 
.042 
.041 

.090 

6.30  p.  m 

.091 

7  p.  m 

.091 

7.30  p.  m.  « 

.045 

.078 

.046 

.099 

.041 

.090 

8  p.  m 

.045 

.080 

.048 

.099 

.042 

.098 

8.30  p.m 

.049 

.080 

.049 

.100 

.043 

.094 

9  p.m 

.048 

.079 

.050 

.100 

.043          .094 

10.30  p.  m 

.050 

.079 

.070 

.101 

.045 

.095 

12  p.m 

.050 

.079 

.095 

.106 

.047 

.095 

1  a.  m.  ^ 

.051 

.079 

.120 

.122 

.049 

.099 

2  a.  m 

.051 

.079 

.147 

.152 

.050 

.IOC 

3  a.m.« 

.050 

.079 

.168 

.195 

.050 

.IOC 

4  a.  m 

.053 
.053 

.079 
.079 

.178 
.188 

.430 
.470 

.050 
.a50 

.10( 

4.30  a.m 

.10 

4.40  a.  m .' 

'•1.3 
1.4 

....--- 

5  a.  m 

.053 

.075 

.200 

.050 

.10 

6  a.  m 

.200 
.260 
.260 

1.4 
1.5 

<n.9 

^2.20 

rf2.20 
2.20 
2.20 

^2.30 
2.30 

•^2.30 

7.45  a.  ni 

8  a.  m 

.052 

.075 

.050 

•lAC 

8.15  a.ni 

8.30  a.  m 

1 

9.15  a.  m 

.26 

.25 
.245 

.049 
.049 

.09 

10  a.m 

.050 

.072 

.09 

10  a.m 

11a.  m 

1 

11  a.  m 

a2  poundH  of  sal  ammoniac  placed  in  well  A. 

6 June  22.  1903. 

('Before  thiH  reading  some  water  waN  taken  from  well  C. 

''Abont2  qiiartN  of  water  wa.s  taken  from  well  C  before  this  reading. 

'After  6  <iuart«  of  water  wius  taken  from  well  C. 

In  this  case  the  wells  were  not  provided  with  well  points,  but  di< 
possess  a  4-f()ot  length  of  pipe,  provided  with  four  or  five  holes  oi 
opposite  sides  of  the  pipe,  containing  small  one-half  inch  washe 
screens.  These  few  openings  are  not  suflicient  to  permit  the  electrc 
lyte  to  freely  enter  the  well,  so  that  readings  between  ciisings  must  b 
relied  upon  for  results.  As  a  matter  of  fact,  enough  of  the  elec*trc 
lyte  did  get  into  the  well  to  give  small  increased  remlings,  but  in  oMe 
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toobtain  the  electrode  readinj^s  given  in  the  tiible,  waU»r  wjis  removed 
from  the  down.stroani  wells  by  a  .small  bucket  holding  aU)ut  6  ounecH, 
so  as  to  force  a  quantity  of  the  water  surrounding  the  well  into  the 
|jerforated  sections.  The  note^s  appended  to  Table  II  show  times  of 
'Mmcketing"*  well  C,  and  comparison  with  the  column  headed  *'  well  C, 
electrode  ""^  shows  the  effect  on  the  strength  of  solution  in  the  well.  In 
cases  where  good  well  points  are  used  the  ground  water  charged  with 
the  electrolyte  finds  its  way  gradually  and  naturally  into  the  well. 
The  well  point  should  he  clean  enough  to  allow  as  free  passage  into 
the  well  as  through  the  soil  itself.  Second-hand  points  used  for  this 
purpose  may  show  a  marked  lag  in  the  entry  of  the  electrolyte. 


WELL  SALTED  AT  8:45  A.M. 


fto.  6.-Flgiire  showing- conditionii  similar  to  those  shown  in  fig.  6,  but  with  ground  water  moving 
&b(Hit  twice  as  fast,  or  22.9  feet  a  day.  The  electrolyte  spreads  less  rapidly  for  the  higher  velocities 
*s  IS  seen  by  comparing  this  diagram  with  fig.  6. 

Granulated  sal  ammoniac  is  used  to  dose  well  A.  A  single  charge 
may  vary  from  4  to  10  pounds.  If  common  pipe  without  points  or 
"^creen  is  used  for  the  wells,  so  that  internal  electrodes  must  he  dis- 
IX'n.sed  with,  doses  of  about  2  pounds  each  should  be  repeated  about 
every  hour.  The  dry  salt  should  not  be  i^oured  directly  into  the  well, 
but.should  be  lowered  in  perforated  buckets,  as  shown  in  PI.  I.  These 
Wkets  are  If  by  30  inches  and  hold  about  2  pounds  of  the  salt.  Two 
of  these  buckets  may  l>e  tied  one  above  the  other  for  the  initial  charge 
and  followed  by  two  more  in  ten  or  twenty  minutes. 
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If  tlu»  wells  are  not  too  deep  the  .sjil  aiuuioniac  luaj'  be  intrcKhuHKl 
into  tlu»  well  in  the  form  of  u  solution.  A  eomnion  bucket  full  of 
sjiturated  solution  is  sufficient.  Thei*e  in  an  uncertainty  in  iutrodiu- 
in^  the  sjil  anunoniae  in  solution  in  deep  wells,  b»  the  time  reiiuiri'd 
for  the  solution  to  sink  to  the  l)ottom  of  the  well  may  be  consideniblc 

The  anuneter  uschI  in  the  work  has  two  ncales^  one  reading  f  hmii  " 
to  l.r>  anii)eres  and  the  other  from  0  to  5  amperes.     With  a  given 
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Fio.  7.— Klcotricnl  current  for  well  C.  HUitloii  14,  Lour  Island,  plotte«l  on  ooordlniite 
rerorfl  wii.**  tiikt'U  from  (lir  i-luirt  shown  in  upiM*r  |Mirt  uf  lip.  13. 


The 


number  of  cells  the  amount  of  current  b(»tween  the  upstream  and  a 
down.stream  well  will  depend,  of  (»ourse,  upon  several  factors,  such  tt> 
th(»  depth  of  the  wells  and  their  distance  ai)art.,  but  more  especially 
ui)on  th(»  amount  of  dissolved  mineral  matter  in  the*  ground  water.  The 
initial  strength  of  the  currcint  cJin  b4»  readily  adjiLsted,  however,  after 
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WATER-SUPPLY    PAPER    NO.    110      PL.   Ill 


J.     COMMUTATOR  CLOCK,  FOR   USE  WITH   RECORDING  AMMETER. 

The  clock  wo'ks  can  b</  r«;moved  for  cleaning  or  oiling  without  disturbing  tne  rest 
of  the  mechanism. 


».     RECORDING  AMMETER.   COMMUTATOR  CLOCK.   AND   BATTERY   BOX.    IN   USE 

IN  THE   FIELD. 

Tn«  «n»trument»  are  shown  as  arranged  in  a  rough  box  16  by  22  by  36  Inches,  covered  vwith  \.it  p&p«T. 


•UCHTIK.] 


UNDERFLOW   METERS. 
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the  wells  have  beeu  connected  with  the  instruments,  by  turning  on  or 
off  sofiie  of  the  Imttery  cells  by  means  of  the  switc^hes  at  the  rear  of 
the  box.  It  is  a  good  plan  to  use  cells  enough  to  make  the  initial  cur- 
rent l)etween  one-tenth  and  two-tenths  of  an  ampere. 


SELF-RECORDING    METER. 


In  the  second  form  of  underflow  meter  self-recording  instruments 
are  u«ed,  so  as  to  do  away  with  the  tedious  work  of  taking  the  fre- 
quent observations,  day  and  night,  required  when  direct- reading  instru- 
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VELOCITX-d  )  9b  FEET  PER  DAY.  -i'2.)  6.0  FEET  P£R  DAY 


'  '^"''  ^.—Electrical  current  for  well  C,  station  13,  Long  Islantl,  plotted  on  c«M)nlinate  paper.  The 
^'"•""ni  wiLM  tAken  from  the  chart  shown  in  the  lower  part  of  fit;.  7.  The  (!nrve  indieatCN  twodiflfercnt 
^t-W-itit*  in  different  beds  of  gravel  penetrated  by  the  test  wells.  One  velocity  is  96  feet  a  day;  the 
'%r  6.9  feet  a  day. 

^cnts  are  used.  The  arrangement  of  the  apparatus  is  not  materi- 
ally different  from  that  described  above.  In  the  place  of  the  direct 
reading  ammeter  a  special  recording  ammeter  is  used,  having  a  range 
of  0  to  2  amperes.    It  has  been  found  practicable,  although  it  is  a 
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iimttcr  of  no  small  difficultv,  to  construct  an  instrument  of  this  low 
ninj^o  suffic  iontl y  ]H)rtahlo  for  field  use  and  not  too  delicate  for  the 
l)urpose  for  which  it  is  intended.  The  ammeter  has  a  resisttince  of 
about  IJ)  ohms  and  is  provided  with  oil  diish  pot  to  dampen  swing  of 
arm  cjirryin^  the  rec»ordin^  pen.  The  instrument^  were  manufactured 
by  the  Bristol  Company.  The  anuncters  have  gone  through  hard  usa^ 
in  the  field  without  breakage  or  mishap.  The  portability  of  the  instru- 
ments will  be  materially  increased  by  changes  in  design  which  are  now 
being  made. 

The  methods  of  wiring  the  wells  when  the  recording  instruments 
are  used  Is  slightly  changed.  In  this  case  one  side  of  the  battery  cir- 
cuit is  connected  to  casing  of  well  A  and  to  all  of  the  electrodes  of 
wells  B,  C,  and  1).  The  other  side  of  the  battery  is  run  through  the 
recording  ammeter  to  a  commutator  clock,  which  once  every  hour 
makes  a' contact  and  completes  the  circuit,  one  after  the  other,  to  a 
series  of  binding  iK)sts.  One  of  these  binding  posts  is  connected  to 
the  casing  of  well  B,  one  to  the  casing  of  well  C,  and  one  to  the  casing 
of  well  D.  The  time  of  contiict  is  ten  seconds,  which  gives  an  abun- 
dance of  time  for  the  pen  to  reach  its  proper  ix)sition  and  to  properly 
ink  its  record. 

PI.  II,  ^,  and  PI.  Ill,  J,  show  two  commutator  clocks  made  for  tlii> 
purpose  by  the  instrument  maker  of  the  College  of  Engineerinj?. 
ITniversity  of  Wisconsin.  The  clock  movement  is  a  standard  movement 
of  fair  grade*,  costing  about  $5.  It  can  readily  l)e  taken  from  the  chj* 
for  cleaning  or  oiling  and  replaced.  A  seven-day  marine  movement, 
with  i>owerful  springs,  is  best  for  this  ])urix)se. 

It  will  be  seen  from  the  method  of  wiring  the  wells  that  the  record 
will  show  the  sum  of  the  current  Iwtween  well  A  and  well  B  added 
to  the  current  between  the  casing  of  well  B  and  its  electrode.  The 
removal  of  the  connection  to  well  A  would  ])ermit  the  record  to  sho'**' 
the  ('urrent  between  the  casing  of  a  downstream  well  and  its  electroder 
but  theconncM'tioii  to  the  upstream  well  involves  no  additional  trouhlc*- 
and  occasionally  its  indications  are  of  nuich  s(»rvice,  especially  if  th^ 
velocities  are  low. 

All  of  th(»  instruments  above  mentioned  can  be  placed  in  a  cominof 
box  K)  ])y  'i*i  by  W  inches,  covered  with  tar  pai)er  and  locked  up- 
PI.  Ill,   /^,  shows  a  photogmph  of  the  instruments  thus  arranged; 
The  shelf  contains  the  recording  annneter  (shown  at  left  of  cut)  an<- 
the  connnutator  clock  (shown  at  right  of  cut). 

The  contacts  on  the  comnmtator  clock  are  arranged  about  five  inin  " 
utes  apart,  so  that  the  record  mad(»,  for  the  wells  will  api)ear  on  thc- 
chart  as  a  group  of  lines,  one  for  each  downstream  well,  of  lengtl:^ 
corresponding  to  the  strength  of  the  current.  The  increasing  current 
corresponding  to  one  of  thi*  wells  will  finally  be  indicated  hy  thr 
lengthening  of  the  record  lines  for  that  well.     This  can  be  seen  by 
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THE  CALIFORNIA  OR  "STOVEPIPE"  METHOI 
OF  WELL  CONSTRUCTION. 


By  Charles  S.  Slichtbb. 


INTRODUCTION. 


The  ]>ceuliar  conditions  of  water  supply  existing  in  southern  OJ 
fornia  have  led  to  the  development  of  a  special  type  of  well  which 4 
writer  believes  to  be  admirably  adapted  to  conditions  found  in  i 
places  in  the  eastern  part  of  the  United  States,  especially  on  Loll 
Island  and  in  the  Coastal  Plain  region  of  the  Atlantic  States.  It 
with  the  object  of  calling  attention  to  the  importance  of  this  metW 
by  which  a  large  number  of  water-bearing  beds  can  be  drawn  iip> 
simultaneously,  that  the  many  points  of  excellence  of  the  Oftlifoflil 
type  of  wells  and  methods  of  well  construction  are  pointed  out  ^ 
addition  to  the  illustrations  accompanying  this  paper,  a  number  <l 
others  showing  the  rigs,  casing,  and  other  appliances  used  in  conn6^ 
tion  with  wells  in  southern  California  may  be  found  in  the  issue  < 
the  Engineering  News  for  November  19, 1903. 

CONDITIONS   IN    CALIFORNIA. 

The  valleys  in  southern  California  are  filled  with  deposits  of  moa 
tain  debris,  gravels,  sands,  bowlders,  clays,  etc.,  to  a  depth  of  sev^ 
hundred  feet,  into  which  a  considerable  part  of  the  run -off  of  i 
mountains  sinks.  The  development  of  irrigation  upon  these  valhf 
soon  became  so  extensive  that  it  was  necessary  to  supplement  mo 
and  more  the  perennial  flow  of  the  canyon  streams  by  ground  wa* 
drawn  from  wells  in  the  gravels.  This  necessity  was  greatly  acoe 
tuated  by  a  series  of  dry  years,  so  that  ground  waters  became  a  mc 
valuable  source  of  auxiliary  supply  for  irrigation  in  the  importi 
citrus  areas  in  southern  California.  The  type  of  well  that  came 
the  front  and  developed  under  these  circumstances  is  locall}^  knoi 
as  the  "stovepipe"  well.  It  seems  to  suit  admirably  the  conditio 
prevailing  in  southern  California.  In  procuring  water  for  irrigath 
the  item  of  cost  is,  of  course,  much  more  strongly  emphasized  than 
obtaining  water  for  municipal  luse.  The  drillers  of  wells  in  Califon 
were  not  only  confronted  with  a  material  which  is  almost  everywhe 
32 
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i>wldei*8  and  similar  uiouutain  debris,  but  also  by  a  high  cost 
and  of  well  casings.  It  was,  undoubtedly,  these  difficulties 
to  the  very  general  adoption  in  California  of  the  "stovepipe" 

DKSCRIPTION   QF   APPARATUS   AND   METHODS. 

ells  are  put  down  in  the  gravel  and  bowlder  mountain  outwash 
unconsolidated  material  to  any  of  the  depths  common  in  other 
s  One  string  of  casing  in  favorable  location  has  been  put 
er  1,3(X)  feet.  The  usual  sizes  of  casings  are  7,  10,  12,  and 
'.s,  or  even  larger.  A  common  size  is  12  inches.  The  well 
jonsists  of,  first,  a  riveted  sheet-steel  "starter,"  from  15 
et  long,  made  of  two  or  three  thicknesses  of  No.  10  sheet 
th  a  forged  steel  shoe  at  lower  end.  In  ground  where  large 
d  are  encountered  these  starters  are  made  heavier,  the  shoe  1 
ik  and  12  inches  deep,  and  three-ply  instead  of  two-ply  No.  10 
tel  body. 

»t  of  the  well  casing,  above  the  starter,  consists  of  two  thick- 
f  No.  12  sheet  steel  made  into  riveted  lengths,  each  2  feet  long, 
of  sections  is  made  just  enough  smaller  than  the  other  to  per- 
n  to  telescope  together.  £ach  outside  section  overlaps  the 
tction  1  foot,  so  that  a  smooth  surface  results  both  outside  and 
•  the  well  when  the  casing  is  in  place,  and  so  that  the  break  in 
;  is  always  opposite  the  middle  of  a  2-foot  length.  It  is  these 
irerlapping  sections  which  are  popularly  known  as  ^'stove- 

asing  is  sunk  by  large  steam  machinery  of  the  usual  oil-well 
it  with  certain  very  important  modifications.     In  ordinary 

the  "sand  pump"  or  ''sand  bucket"  is  relied  upon  to  loosen 
love  the  material  from  the  inside  of  the  casing.  The  casing 
forced  down,  length  by  length,  by  hydraulic  jacks,  buried  in 
ind  and  anchored  to  two  timl^ei's  11  by  14  inches  and  16  feet 
lich  are  planked  over  and  buried  in  9  or  10  feet  of  soil.  These 
•ess  upon  the  upper  sections  of  the  stovepiping  by  means  of  a 

head.  The  driller,  who  stands  at  the  front  of  the  rig,  has 
B  control  of  the  engine,  the  hydraulic  pump,  and  the  valves  by 
astons  are  moved  up  or  down,  and  also  of  the  lever  that  con- 
t  two  clutches  which  cause  tools  to  work  up  and  down  or  to  be 

ind  pumps  used  are  usually  large  and  heavy.  For  12-inch 
ey  vary  in  length  from  12  to  16  feet,  are  lOg  inches  in  diame- 
weigh,  with  lower  half  of  jars,  from  1,100  to  1,400  pounds. 
the  well  has  been  forced  to  the  required  depth,  a  cutting 
lowered  into  the  well  and  vertical  slits  are  cut  in  the  casing 
esired.     A  record  of  materii:l  encountered  in  digging  the  well 
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IS  kept  and  the  perforations  are  made  opposite  such  water-bea 
materials  as  may  be  mo.it  advantageously  drawn  upon.  A  wel 
feet  deep  ma}^  have  400  feet  of  screen,  if  circumstances  justify  it. 
The  perforator  (see  fig.  9)  for  slitting  stovepipe  easing  is  hai 
with  3-inch  standard  pipe  with  three-fourths-inch  standard  pipe  oi 
inside.  In  going  down  or  in  coming  out  of  the  well  the  weight  o 
three-fourths-inch  line  holds  the  point  of  the  knife  up.  When  r 
to  ''stick"  the  three-fourths  inch  line  is  raised.  By  raising  slowl 
the  3-in('h  line  with  hydraulic  jacks,  cuts  are  made  from  three-ei^ 
to  three-fourths  inch  wide  and  from  6  to  12  inches  1 
PJ  according  to  the  material  at  that  particular  depth, 

another  type  of  perforating  apparatus  (fig.  10)  a  r& 
ing  cutter  punches  fine  holes  at  each  revolution  oi 
wheel.  This  style  of  perforator  is  called  a  "  ro 
knife."  Besides  these  many  other  different  kinc 
perforators  are  in  use  in  California.  In  fact,  the 
f orator  is  a  favorite  hobby  of  the  local  inventors.  ' 
all  seem  to  work  well. 


J 


ADVANTAGES  OF  CALIFORNIA   METHOD. 


Fig.  9.— Perforator 

for  slitting  stove- 
pipe casiDg. 


The  advantages  of  this  method  of  well  constru 
y  y„  II  are  quite  obvious.  For  wells  in  unconsolidated  mat< 
Cr_o  the  California  type  is  undoubtedly  the  best  yet  dev 

VJ^  I  believe  that  wells  of  this  type  would  lie  highly 

cessful  in  the  unconsolidated  coastal  deposits  on  ] 
Island,  in  New  Jersey,  and  at  similar  localities, 
absence  of  bowlders  and  very  coarse  gravels  in  i 
deposits  might  possibly  make  it  more  advantage© 
use  the  hydraulic  jet  instead  of  the  ponderous 
bucket  in  soft  material,  but  this  is  the  only  moditic 
that  Eastern  conditions  seem  to  suggest. 
Among  the  special  advantages  in  the  stovepipe  construction  we 
enumerate  the  following: 

1.  The  absence  of  screw  joints  liable  to  break  and  give  out. 

2.  The  flush  outer  surface  of  the  casing,  without  couplings  to  < 
on  bowlders  or  to  hang  in  clay. 

8.  The  elastic  character  of  the  casing,  permitting  it  to  adjust 
in  direction  and  otherwise  to  dangerous  stresses,  to  obstacles,  etc 

4.  The  absence  of  screen  or  perforation  in  any  part  of  the  a 
when  first  put  down,  permitting  the  easy  use  of  sand  pump  an< 
penetration  of  quicksand,  etc.,  without  loss  of  well. 

5.  The  cheapness  of  large-size  casings,  because  made  of  riveted 
steel. 

(y.  The  advantage  of  short  sections,  permitting  use  of  hydraulic 
//?  forcing  easing  through  the  ground. 
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7.  The  ability  to  perforate  the  casing  at  any  level  at  pleasure  \s  a 
scided  advantage  over  other  construction.  Deep  wells  with  much 
reen  may  thus  be  heavily  drawn  upon  with  little  loss  of  suction  head. 

8.  The  character  of  the  perforations  made  by  the  cutting  knife  are 
le  best  passible  for  the  delivery  of  water  and  avoidance  of  clogging, 
lie  large  side  of  the  perforation  is  inward,  so  that  the  casing  is  not 
kely  to  clog  with  silt  and  debris. 

9.  The  large  size  of  casing  possible  in  this  system  permits  a  well  to 
Bput  down  in  bowlder  wash  where  a  common  well  could  not  jwssibly 
3  driven. 

10.  The  uniform  pressure  produced  by  the  hydraulic  jacks  is  a  great 
Ivantage  in  safety  and  in  convenience 
id  speed  over  any  system  relying 
pon  driving  the  casing  by  a  weight 
•ram. 

11.  The  cost  of  construction  is  kept 
a  minimum  by  the  limited  amount 
labor  required  to  man  the  rig,  as 

;ll  as  by  the  good  rate  of  progress 
ssible  in  what  would  be  consid- 
ed  in  many  places  impossible  ma- 
rial  to  drive  in,  and  by  the  cheap 
rm  of  casing. 

COST  OF  THE   WELLS. 

An  idea  of  the  cost  of  constructing 
Bse  wells  can  best  be  given  by  quot- 
f  actual  prices  on  some  recent  con- 
"uction  in  California.  According 
contracts  recently  let  near  Los  An- 
Ics,  the  cost  of  r2-inch  wells  was: 
Fifty  cents  per  foot  for  the  first  loO 
et,  and  25  cents  additional  per  foot 
Tea<*h  succeeding  50  feet,  casing  to 
'■  himished  by  the  well  owner.  This 
akes  the   cost  of  a  500-foot   well 

rOO  in     addition     to     casing.        The  fig.  10.-Roller  type  of  perforator. 

wialtype  of  No.  12  gauge,  double  stovepipe  casing,  is  about  $1.05  a 
K)t,  with  $40  for  12-foot  starter  with  three-quarter  inch  by  8-inch 
W  ring.  A  good  driller  gets  $5  a  day;  helpers,  $2.50  a  day.  The 
^t  of  drilling  runs  higher  than  that  given  above  in  localities  where 
irgfe  and  numerous  bowlders  are  encountered. 

The  drillers  build  their  own  rigs  according  to  their  own  ideas,  so 
at  no  two  rigs  are  exactly  alike;  that  is,  the  drillers  pick  out  the 
ijitings  and  working  parts  and  mount  them  according  to  ideas  thai 
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cxjierience  bus  taught  them  are  the  best  for  the  wa^sh  forinati* 
which  they  must  work.     Fig.  11  shows  a  common  fonii  of  rig. 

It  is  not  very  profitable  to  name  individual  wells  of  this  tyi 
give  their  flow  or  yield,  since  conditions  vary  so  much  from  plj 
place.  From  the  method  of  construction  it  must  be  evident  tha 
type  of  well  is  designed  to  give  the  very  maximum  yield,  as 
water-bearing  stratum  may  be  drawn  upon.  The  yield  from  a  ni 
of  wells  in  California  of  average  depth  of  about  250  feet,  pump 
centrifugal  pumps,  varied  from  about  25  to  150  miners'  inch 


FiQ.  11.— Common  form  of  California  well  rig. 

from  300,000  to  2,000,000  gallons  a  day.     These  are  actual  mei 
yields  of  water  supplied  for  irrigation. 

Among  the  very  l)est  flowing  wells  in  southern  California  are 
near  Long  Beach.  The  Boughton  well,  the  Bixby  wells,  and  the 
of  the  Sea  Side  Water  Company  are  12-inch  wells,  varying  in 
from  600  to  700  feet  and  flowing  about  250  miners'  inches  each,  o 
3,000,000  gallons  per  twenty-four  hours.  The  flow  of  one  of 
wells  is  the  greatest  I  have  seen  reported.  Among  the  recor 
depth  are  those  of  1,8()0  feet  for  a  lo-inch  well,  and  1)15  feet 
12-inch  well.  A  new  14-inch  well  has  already  reached  a  depth  < 
feet. 


II : 


APPROXIMATE  METHODS  OF  MEASURING 
THE  YIELD  OF  FLOWING  WELLS. 


By  Chablbs  S.  Slichtbr. 


Tables  for  determining  the  discliarge  of  water  from  completely 
filled  vertical  and  horizontal  pipes  were  prepared  a  number  of  years 
ajfoby  Prof.  J.  E.  Todd,  State  geologist  of  South  Dakota,  who  issued 
a  private  bulletin  describing  simple  methods  of  determining  quickly, 
with  fair  accuracy  and  with  little  trouble,  the  yield  of  artesian  wells. 
In  the  following  notes  the  tables  and  explanations  relating  to  vertical 
and  horizontal  pipes  are  taken  from  this  ))ulletin.  The  explanations 
and  tables  relating  to  the  measurement  in  the  partially  filled  horizontal 
and  inclined  pipes  have  been  appended  by  the  present  writer. 

MEASUREMENT  OP   FLOWS  FROM   FILLED   PIPES. 

In  determining  the  flow  of  water  discharged  through  a  pipe  of  uni- 
form diameter  all  that  is  necessary  is  a  foot  rule,  still  air,  and  care  in 
taking  measurements.  Two  methods  are  proposed,  one  for  pipes  dis- 
charging vertically,  which  is  particularly  applicable  before  the  well  is 
pennanently  finished,  and  one  for  horizontal  discharge,  which  is  the 
niost  usual  way  of  finishing  a  well. 

The  table  on  page  39  is  adapted  to  wells  of  moderate  size  as  well  as  to 
large  wells.  In  case  the  well  is  of  other  diameter  than  given  in  the 
table  its  discbarge  can  without  much  difficulty  be  obtained  from  the 
table  by  remembering  that,  other  things  being  equal,  the  discharge 
varies  as  the  square  of  the  diameter  of  the  pipe.  If,  for  example,  the 
pipe  is  one-half  inch  in  diameter  its  discharge  will  he  one-fourth  of 
that  of  a  pipe  1  inch  in  diameter  for  a  stream  of  the  same  height.  In 
a  similar  manner  the  discharge  of  a  pipe  8  inches  in  diameter  can  be 
obtained  by  multiplying  the  discharge  of  the  4-iiich  \y\\ye  by  4. 

In  the  first  metiiod  the  inside  diameter  of  the  pipe  should  first  be 
loeasured,  then  the  distance  from  the  end  of  the  pii^e  to  the  highest 
point  of  the  dome  of  the  water  above,  in  a  strictly  vertical  direction — 
a  to  b  in  the  diagram,  fig.  12.  Find  these  distances  in  Table  I  (A), 
and  the  corresponding  figure  will  give  the  number  of  gallons  dis- 
charged each  minute.  Wind  would  not  interfere  in  this  case,  so  long 
as  the  measurements  are  taken  verticaUy. 
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The  method  for  determining  the  discharge  of  horizontal  \n\ie 
requires  a  little  more  cure.  First,  measure  the  diameter  of  the  pipt 
as  before,  then  the  vertical  distance  from  the  center  of  the  opeiiinj 
of  the  pipe,  or  some  convenient  point  corresponding  to  it  on  the  sid 
of  the  pipe,  vertically  downward  6  inches,  a  to  J  of  the  diagram,  the 
from  this  point  strictly  horizontally  to  the  center  of  the  stream,  h  to  t 
With  these  data  the  flow  in  gallons  per  minute  can  be  obtained  froE 
Table  I  (B).  It  will  readily  be  seen  that  a  slight  error  may  mak 
much  difference  in  the  discharge.  Care  must  be  taken  to  measur 
horizontally  and  also  to  the  center  of  the  stream.  Because  of  this  dif 
ficulty  it  is  desirable  to  check  the  first  determination  by  a  second.  Fo 
this  purpose  columns  are  given  in  the  tables  for  corresponding  meas 
urements  12  inches  below  the  center  of  the  pipe.  Of  course  the  dis 
charge  from  the  same  pipe  should  be  the  same  in  the  two  measurement 


fO  inches 
?i.  7gAJ/ons 
perminutt 


Fig.  12.— Diagrram  illustratinfr  flow  from  vertical  and  horizontal  pipes. 


of  the  same  stream.  Wind  blowing  either  with  or  against  the  wate 
may  vitiate  results  to  an  indefinite  amount;  therefore  measurement 
should  be  taken  while  the  air  is  still. 

Whenever  fractions  occur  in  the  height  or  horizontal  distance  of  th" 
stream,  the  number  of  gallons  can  be  obtained  by  apportioning  the  dif 
ference  between  the  readings  in  the  table  for  the  nearest  whole  num 
l)ers,  according  to  the  size  of  the  f  motion.  For  example,  if  the  distano 
from  the  top  of  the  pipe  to  the  top  of  the  stream  in  the  first  case  is  9 
inches,  one-third  of  thediflerence  between  the  reading  in  the  table  fo 
9  and  10  inches  must  be  added  to  the  former  to  give  the  correct  result 

In  case  one  measures  the  flow  of  a  well  by  both  methods  he  mft] 
think  that  the  results  should  agroo,  but  such  is  not  the  case.  In  th 
vertica]  discharge,  there  being  less  friction,  the  flow  will  be  larger;  9 


CORRECTIONS  NECESSARY  IN  ACCURATE 
DETERMINATIONS  OF  FLOW  FROM  VERTI- 
CAL WELL  CASINGS. 


From  notee  furnished  by  A.  N.  Talbot. 


The  method  described  by  Professor  Todd  is  based  on  certain  assumed 
theoretical  conditions.     While  the  error  resultinfj  from  the  method  of 
measurement  is  usually  loss 
than  10  per  cent,  and  while  I  .TllM 

itisof  great  value  in  approx- 
imate field  determinations, 
certain  corrections  nmst  l>e 
made  in  order  to  exactly  de- 
termine the  amount  of  flow. 

The  considerations  to  be 
taken  into  account  are  that 
in  vertical  pipes  the  water 
will  not  rise  to  the  height  of 
it^  full  velocity  head  and  that 
the  velocity  is  not  uniformly 
distributed  over  the  cross 
section.  For  velocity  heads 
equal  to  the  diameter  of  the 
pipe  up  to  a  height  of  10 
feet  this  discrepancy  is  not 
very  great,  but  for  lower 
values    it    is    considerable. 

Fig.  15  shows  the  coeffi- 
cients for  2-inch,  4:-inch,  and 
Wnch  pipes  from  low  heads 
up  to  heads  of  2  to  3  feet. 
These  range  from  0.80  to 
0.96.  The  values  above  this,  until  atmospheric 
great,  will  not  be  much  different. 


MOVABLE  ARM  OR  POINTER 
.TO  8CT  TO  TOP  OF  JET 


QRAOUATEO  SCALE 


ZERO  OF  SCALE  LEVCL 
WITH  EOOC  OF  PIPE 


iLAMP  TO  HOLD  ORAOUATEO  SCALE 


-VERTICAL  PIPE  FROM  WHICH  JET  IS  TO  COME 


FiQ.  14.— Sketch  showing  application  of  movable  pointer 
and  scale  In  measuring  jets. 


resistance  becomes 
The  (|uantities  found  hy  Professor 
Todd's  table  should  be  rauJ tipJied  by  these  coefficients.     These  va\vxea 
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are  fixed  on  the  assumption  that  the  height  of  water  may  be  determined 
by  finding  the  dintanoo  from  the  end  of  the  pipe  to  the  highest  point 
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HEJQMT  OF  JET  ABOVE  PIPE,  IN  FEET. 
Fio.  15.— Coefficients  of  discharge  for  high  and  low  heads. 

of  the  jet  by  means  of  a  movable  pointer  and  scale,  as  shown  in  fig* 
14,  or  by  some  similar  device. 


EXPERIMENT  RELATING  TO  PROBLEMS  OF 
WELL  CONTAMINATION  AT  QUITMAN,  GA. 


By  S.  W.  McCallie. 


INTRODUCTION. 


During  the  summer  of  1903,  a  boring  for  a  deep  well,  constructed 
>j  the  town  of  Quitman,  Ga.,  to  improve  its  water  supply,  pene- 
rated,  at  a  depth  of  128  feet  from  the  surface,  in  limestone,  what 
appeared  to  be  a  cavity  6}  feet  deep.  Immediately  after  the  cavity 
lad  been  penetrated  by  the  drill  the  water  rose  to  within  77  feet  of 
he  surface,  at  which  point  it  remained.  In  extending  the  bore  hole 
•eyond  this  depth  it  was  found  that  all  of  the  water  forced  into  the 
nl\  to  carry  out  the  drillings,  and  also  the  drillings  themselves, 
ppeared  to  pass  off  by  the  cavity.  It  was  further  discovered  that  any 
uantity  of  water,  however  great,  that  was  forced  into  the  bore  hole, 
id  not  raise  the  level  of  the  water  in  the  well  above  77  feet,  and,  on 
be  other  hand,  that  continuous  pumping  was  equally  ineffective  in 
>wering  the  level. 

After  the  sinking  of  the  well  to  a  second  water-bearing  stratum,  at 

depth  of  321  feet,  another  well  was  constructed  with  a  view  of  tcst- 
ng  more  fully  the  water-carrying  capacity  of  the  underground  cavity, 
f^hich  was  supposed  to  be  a  channel  of  a  large  subterranean  stream, 
^he  second  well,  6  inches  in  diameter,  was  put  down  a  few  hundred 
ards  south we^st  of  the  first  well,  and  only  a  few  feet  from  the  margin 
•f  Russell  Pond,  a  small  l)ody  of  stagnant  water  occupying  a  nearly  cir- 
olar  depression  having  the  appearance  of  a  partially  filled  lime 
ink.  This  well  having  been  extended  to  the  cavernous  limestone,  a 
anal  was  dug  to  connect  it  with  the  pond,  and  the  water  was  allowed 
o  flow  from  the  pond  into  the  well.  The  pond,  which  contained 
ibout  one-half  million  gallons  of  water,  was  drained  by  the  well 
n  a  few  hours,  without  apparently  affecting  the  level  of  the  water  in 
he  bore  hole,  which  remained  constant  at  77  feet  from  the  surface, 
rhis  test  was  conclusive  to  the  town  authorities  that  the  underground 
cavity  had  a  capacity  to  carry  off  an  illiniitable  amount  of  water,  and 
it  was  at  once  suggested  that  the  town  might  be  able  to  make  use  of 
this  so-called  underground  stream  for  sewage  disposal.  This  sugges- 
tion was  soon  taken  up  by  the  press  of  south  (ieorgia,  and  witVim  a 

Aort  time  Governor  Terrell  received  a  /lumber  of  letters  importui\\T\% 
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him  to  interfere  to  prevent  the  Quitman  authorities  from  using  deep 
wells  for  sewerage  purposes. 

At  the  request  of  the  governor,  the  writer,  who  at  that  time  wm 
engaged  in  the  study  of  the  underground  waters  of  Georgia  for  the 
State  and  the  United  States  Geological  Survey,  made  a  trip  to  Quil- 
man  to  investigate  the  reports  and,  if  they  should  be  found  troe, 
to  point  out  to  the  people  of  Quitman  the  possibility  that  such  a  9em* 
erage  system  might  contaminate  the  wells  and  springs  in  that  region. 
When  the  writer  arrived  at  Quitman  he  found  that  the  town  authori- 
ties were  seriously  considering  the  question  of  disposing  of  the  sewage 
as  reported.  They  were  willing,  however^  to  give  up  the  idea  of  usii^ 
the  supposed  underground  stream  for  sewerage  purposes  if  it  could  be 
shown  that  such  use  would  prove  injurious  in  any  way  whatever. 
Furthermore,  they  were  willing  to  cooperate  with  the  State  and  the 
United  States  surveys  by  paying  the  greater  part  of  the  expense  of 
any  experiments  that  might  be  necessary  to  establish  this  fact. 

After  some  delay  arrangements  were  finally  made  with  the  United 
States  Geological  Survey  for  conducting  an  experiment  to  determine  | 
the  possibility  of  contamination  of  adjacent  wells  and  springs,  the  \ 
plan  adopted  for  this  pui^pose  being  what  is  known  as  the  chlorine  : 
method  of  tracing  underground  watercourses. 

The  well  into  which  the  chlorine  (sodium  chloride)  was  introduced 
in  carrying  out  this  experiment  was  the  Russell  Pond  well,  referred  to 
above.     The  well  has  a  depth  of  120  feet,  and  shows  the  following  section: 

Section  of  v^U  at  Russell  Potidy  near  QuUman,  Oa. 

Feet 

1.  Surface  sand 2 

2.  Varicolored  clay 60 

3.  Yellow  sand 15 

4.  Gray  sandy  clay 43 

5.  Limestone  (water  l)eariiijr). 

The  water,  which  rises  to  about  77  feet  of  the  surface,  comes  from 
the  cavernous  limestone  found  in  all  of  the  deep  wells  of  Quitman  and 
vicinity. 

GEOOUAPHY   AND   UEOIX)GY. 

Before  the  experiment  is  described  in  detail  a  few  general  notes  wiU 
be  given  on  the  geography  and  geology  of  the  region,  both  of  which 
have  a  certain  bearing  on  the  question  under  consideration. 

That  part  of  south  Georgia  covered  in  conducting  the  Quitmaf 
experiment  lies  along  the  Georgia-Florida  State  line,  and  includes  th^ 
southern  part  of  Brooks  and  the  adjacent  portions  of  Thomas  anc 
Ix)wndes  counties.  This  part  of  the  State  is  comparativel}'  level,  bu< 
in  parts  of  Brooks  County  the  surface  is  more  or  less  rolling,  and 
depressions  caused  by  lime  sinks  are  occasionally  seen.  The  streams, 
which  all  flow  southward,  are  usually  slugji^ish,  and  at  points  in  theii 
course  frequently  traverse  cypress  swamps  of   considerable  extent 
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Tbe  springs  of  the  region  are  few  in  number,  but  are  usually  large. 
Tbey  are  generally  found  in  or  near  the  larger  streams,  and  are  often 
submerged  during  the  wet  season. 

The  geology  of  the  region  is  typical  of  the  portion  of  south  Georgia 
tliat lies  along  the  State  line  west  of  Thomasville,  and  that  has  been 
described  by  Spencer  and  others.  Nearly  everywhere  throughout  the 
piny  woods  or  the  cultivated  fields  of  this  section  is  to  be  seen  a  super- 
ficial covering  or  veneer  of  fine  sand,  which  at  some  points  attains  a 
thickness  of  2  feet  or  more.  This  sand  corresponds  probably  to 
McGee's  Columbia  formation,  as  it  lies  directly  upon  the  orange  and 
reddish  Lafayette  clays. 
The  Lafayette  clays,  which  are  well  exposed  in  numerous  cuts  along 
the  Coast  Line  Railroad  both  east  and  west  of  Quitman,  are  usually 
stratified  below  and  massive  above.  On  the  more  elevated  lands  they 
attain  a  thickness  of  many  feet,  but  along  the  larger  streams  they  have 
been  partially  or  wholly  removed  by  erosion  so  as  to  expose  under- 
lying clays  which  at  certain  points  along  Withlacoochee  River, 
notably  at  Mclntyre  Spring,  contain  large  masses  of  coral.  These 
lower  clays  are  probably  Miocene,  and  belong,  no  doubt,  to  Langdon^s 
Chattahoochee  group. 

Beneath  these  Miocene  clays  there  is  a  thick  limestone,  which  is  the 
source  of  the  water  supply  of  all  the  deep  wells  at  Quitman,  Boston, 
and  Valdosta.  This  limestone  seems  to  belong  to  Conrad's  Vicksburg 
group,  which,  according  to  Dall,  forms  the  lowest  member  of  the 
Oligocene  beds  in  the  southern  Tertiary  series.  As  is  shown  by  sam- 
ples of  borings  from  deep  wells,  this  rock  is  somewhat  variable  in 
character,  but  seems  to  consist  largely  of  thick  beds  of  commiiuited 
shells  and  corals  interlaminated  with  layers  of  hard,  compact  lime- 
stone. The  upper  l)eds  of  this  limestone  appear  to  be  cavernous, 
for  cavities,  shown  by  the  dropping  of  the  drill,  are  frequently  found 
in  it  ill  the  deep  wells  throughout  the  region.  These  cavities  are  .said 
to  var}'  in  depth  from  3  to  9  feet,  and  are  always  filled  with  water  hav- 
ing a  static  head  that  is  40  feet  or  more  higher  than  the  point  at  which 
the  cavities  are  struck. 

The  order  of  occurrence  and  the  approximate  thickness  of  these 
several  formations  are  shown  in  the  section  of  the  Russell  Pond  well, 
above  given.  The  Boston  and  the  Quitman  wells  also  show  similar 
sections.  The  dip  of  the  formations  is  supposed  to  be  toward  the 
south  at  a  few  feet  per  mile. 


DESCRIPTION   OF   EXPERIMENT. 

The  chlorine  method  of  tracing  underground  streams,  as  carried 
<>ut  in  the  Quitman  experiment,  was  adopted  at  the  suggestion  of 
I'rof.  C.  S.  Slichter,  consulting  engineer  of  the  United  States  (leo- 
logii-al  Survey. 
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A  reconnaiHsancc  topographic  survey  of  tlio  region  surrounding 
Quitman  was  made,  with  the  view  of  finding  all  springs  and  wells  whose 
waters  stood  at  a  lower  level  than  the  water  in  the  Uussell  Pond  well, 
where  the  salt  was  to  be  iiitrodueed,  altitudes  being  determined  hj 
aneroid  ))arometer.     From  all  such  springs  samples  of  water  were 
collected  for  determination  of  the  amount  of  chlorine  present.    Each 
of  the  springs  and  wells  thus  sampled  was  made  a  station  from  which, 
at  regular  intervals,  samples  of  water  were  collected  by  observers  who  . 
were  advised  how  and  when  to  collect  samples.     The  various  stations 
having  been  established  and  samples  collected  for  the  detcrminatioo  Jc  .^ 
of  the  normal  amount  of  chlorine  contained  in  the  waters,  2  tons  of 
salt  (sodium  chloride)  were  introduced  into  the  Russell  Pond  well 
The  salt  was  put  into  the  well  in  the  form  of  solution,  its  introduction  fci 
})eginning  at  8  a.  m.  Ot^tober  15,  and  continuing  until  8  p.  m.  October 
20.     The  first  ton  of  salt  put  into  the  well  was  introduced  continuously  f — ■ 
for  twelve  hours  at  the  rate  of  16()ij  pounds  an  hour,  while  the  second 
ton  was  put  into  the  well  continuously  for  one  hundred  and  twenty 
hours,  or  five  days,  at  the  rate  of  16f  pounds  an  hour. 

In  order  to  introduce  the  salt  into  the  well  at  the  above  rate  and 
also  to  insure  as  complete  saturation  of  the  water  as  possible,  five     > 
50-gjillon  barrels  were  set  about  20  inches  apart  upon  a  level  platform 
at  the  well  and  coimected  with  one  another  by  pieces  of  2-inch  iron 
pipe,  firmly  screwed  into  the  barrels  by  right  and  left  screws  cut  OB 
their  opposite  ends.     The  iron  pipe  was  inserted  into  the  barrel  near- 
est the  well  about  2  inches  from  the  bottom,  while  the  pipe  betwee*^ 
each  succeeding  barrel  was  elevated  about  4  inches,  so  that  the  oo^ 
uniting  the  last  two  biirrels  entered  them  about  halfway  up.     Whe<^    * 
everything  was  in  readiness  for  the  experiment  to  begin,  each  barr^* 
was  filled  with  salt  up  to  the  point  at  which  the  outflow  pipe  entered 
it.     The  water  wiis  then  turned   into  the  barrel  farthest  from  tb^ 
well  through  a  hydrant  connected  with  the  public  water  supply.     A^ 
the  water  rose  in  this  barrel  to  the  point  of  entmnce  of  the  pipe  i^ 
flowed  into  the  next  barrel,  and  so  on  until  the  entire  chain  of  barrels 
wjis  filled.     The  water  now  being  more  or  less  completely  saturated^ 
having  flowed  over  the  salt  in  the  bottom  of  each  barrel,  was  turned 
into  the  well  through  a  stopcock  so  adjusted  as  to  deliver  the  desired 
amount  of  water  per  minute.     By  a  nice  adjustment  of  the  stopcock 
at  the  well  and  of  that  at  the  hydrant  it  was  found  that  this  plan  of 
delivering  a  given  amount  of  brine  to  the  well  in  a  stated  time  was 
practically  automatic,  the  attendant  having  nothing  to  do  except  to 
keep  the  bottoms  of  the  barrels  supplied  with  salt. 

DKSCKirTION    or    STATIONS. 

The  stations  from  wliicli  water  was  coliectiMl  were  seven  in  number 
and  are  divscribed  below.  Their  locations  are  shown  by  the  sketi^h 
map  (fig.  16). 


£XP£BIM£liT   RELATING    TO    WELL    CONTAMINATION.       49 

3y>.  /. — The  Htation  is  the  well  at  the  public  waterworks, 
;  northeast  of  the  Russell  Pond  well.  The  well  is  321  feet 
supplies  the  town  with  water.  It  is  eased  with  8-inch  casing 
t,  only  a  short  distance  above  the  first  water-bearing  stmtum. 
le  8-inch  casing  is  inserted  a  4i-inch  ca.sing  which  extends 
surface  to  a  depth  of  309  feet,  at  which  i>oint  it  was  driven 
nto  a  hard  rock  so  as  to  form  what  was  supposed  to  l)e  a 
lit  joint,  cutting  off  all  the  water  from  the  123-foot  water- 
tratum  above.  The  town  water  supply  is  pumped  through 
eh  casing  from  the  second  water-bearing  stratum,  311  feet 
\  surface.  The  second  waU^r-bearing  stmtum  has  a  static 
eet  greater  than  that  of  the  first  stratum.  Nevertheless,  it 
fht  that  in  case  the  4i-inch  casing  was  not  absolutely  water- 
le  ix>int  where  it  was  driven  into  the  rock,  continuous  pump- 


Fio.  16. — Sketch  map  showing  Iwation  of  Quitman  experiment. 

t  lower  the  static  head  of  the  water  from  the  second  stratum 
ly  to  set  up  a  current  from  the  stratum  ubovis  in  which  event 
oured  into  the  upper  stratum  would  contjuninate  the  lower. 
I  No.  ^.— This  is  the  ^'Old  City  well,''  1,500  feet  northeast  of 
ell  Pond  well.  The  well  used  for  this  station  is  500  feet  deep, 
completed  in  1884.  It  was  originally  cased  to  a  point  some 
below  the  first  water-bearing  stratum,  but  its  lower  part  becom- 
ructed  by  sand  or  some  other  material,  the  H-inch  casing  was 
'  an  explosive  at  the  first  water-bearing  stratum,  in  order  to 
ater  for  public  use.  While  the  experiment  here  reported  was 
rried  on,  this  well,  which  hud  not  been  in  use  for  some  months, 
nected  with  the  pumps  at  th(^  waterworks  station,  so  that  the 
ight  be  procured  at  i-egular  intervals. 

rn  No,  .y.— This  is  the  Oglesby  well,  located  at  the  Oglesby 
iree-fourths  of  a  mile  northwest  of  Quitman.     This  well  was 
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completed  in  May,  1903,  and  is  only  92  feet  deep.  It  is  6  inches  in 
diameter  and  is  cased  to  78  feet.  The  water-bearing  stratum  w«b 
struck  at  87  feet,  at  which  point,  it  is  said,  the  drill  dropped  intot 
cavity  4  feet  in  depth  and  immediately  thereafter  the  water  rose  to 
within  48  feet  of  the  surface.  It  will  here  be  noted  that  the  water- 
bearing stratum  in  the  Oglesby  well  is  much  nearer  the  surface  thai 
the  first  water-bearing  stratum  encountered  in  the  wells  within  the 
corporate  limits  of  Quitman,  and  also  that  the  static  head  of  the  water 
is  nearer  the  surface.  This  difference,  however,  is  due  entirely  to  the 
fact  that  the  ground  at  this  point  is  lower  than  that  at  neighboring 
wells,  and  not,  as  might  be  supposed,  to  the  occurrence  of  a  different 
water-bearing  stratum. 

Station  No.  4- — This  station  was  established  at  Blue  Spring,  netr 
the  right  bank  of  the  Withlacoochee  River,  6  miles  east  of  Quitman. 
By  aneroid  measurement  the  spring  was  found  to  be  about  on  a  level 
with  the  static  head  of  the  water  in  the  Russell  Pond  well,  so  that  it 
seemed  to  be  a  possible  outlet  for  the  supposed  underground  stream 
into  which  the  salt  was  introduced.  At  the  time  the  samples  were 
collected  Blue  Spring  was  flowing  about  15,000,000  gallons  in  twenty- 
four  hours.  It  was  learned,  however,  that  at  one  time  during  an 
extremely  dry  season,  several  years  ago,  the  spring  entirely  ceased 
flowing. 

Stat!o7i  No,  5. — This  is  Mclntyre  Spring,  about  15  miles  southeast 
of  Quitman,  only  a  short  distance  from  the  Georgia-Florida  State  line. 
The  spring  is  located  partially  in  the  Withlacoochee  River  and  appears 
to  furnish  a  much  greater  volume  of  water  than  Blue  Spring.  Owing 
to  the  groat  distance  of  this  spring  from  Quitman  it  was  found  imprac- 
ticable to  determine  its  elevation  by  aneroid  barometer,  but  judging 
from  the  fall  of  the  river  it  must  be  several  feet  below  Blue  Spring. 
A  flood  in  the  river  during  the  time  the  samples  were  being  collected 
submerged  Mclntyre  Spring  for  some  time,  so  that  only  a  limited 
numl)cr  of  samples  were  procured  from  this  station. 

Station  No.  6. — This  is  a  deep  well  at  Boston,  Thomas  County, 
14  miles  west  of  Quitman.  The  Boston  well  has  a  depth  of  290  feet 
and  was  completed  in  tFune,  1900.  It  is  reported  that  three  water- 
bearing strata  were  penetrated  in  this  well,  at  120,  160,  and  286  feet. 
The  static  head  of  the  water  in  the  third  water-bearing  stmtum  is  said 
to  l^e  60  feet  above  sea  level,  which  is  70  feet  below  the  static  head  of 
the  water  in  the  Russell  Pond  well. 

Station  No.  7, — This  station  is  one  of  the  deep  wells  at  Valdosta,  17 
miles  cast  of  Quitman.  The  well  from  which  the  samples  were  taken 
at  Valdosta  was  the  S-in(^h  well,  now  used  to  supply  the  city  water- 
works. This  well  is  50(>  feet  deep,  but  its  main  water  supply  is  said 
to  come  from  ii  stratum  at  a  depth  of  260  feet,  where  the  drill  is 
reported  to  have  entered  a  cavity  4  feet  in  depth.     The  static  head  of 
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the  water  now  in  this  well  is  105  feet  above  sea  level,  which  is  24  f » 
below  the  static  head  of  the  water  in  the  Kussell  Pond  well. 

Addition^  station. — In  addition  to  the  stations  here  described  the 
WIS  also  one  kept  up  for  a  short  time  at  the  Quitman  cotton  factor 
bat,  as  the  well  was  afterwards  found  not  to  be  of  sufficient  depth 
reach  the  water-bearing  stratum  into  which  the  salt  was  introduce* 
it  has  been  omitted  in  the  tables  and  on  the  diagrams  showing  tl 
Yiriation  of  chlorine  in  the  samples  of  water  collected  at  the  varioi 
stations. 

SAMPLES  OF   WATER  TAKEN. 

The  time  at  which  the  samples  of  water  were  taken  at  each  static 
the  inten'als  between  samples,  and  the  number  of  samples  themselv 
ire  shown  in  the  following  table: 

Place f  time,  and  number  of  Mimples  of  water  taken. 


stations. 

Date  of  flrat  RAmple. 

Interval  be- 
tween 

N 

So.  1                      

Oct.  15, 12  noon  .... 
do 

Hours. 
4 

5o.2                      

4 

No.  .S                          

Oct.  15, 4  p.  m 

Oct.  16,6a.  m 

Oct  19, 6  a.  m* 

Oct.  19, 8  a.  m 

do 

8 
12 
24 
24 
24 

Xo.4 

No.5                         

a 

No.6                         

b 

No.  7                          

a  Full  number  of  samples  not  collected  on  account  of  high  water. 
b  Fourteen  samples  lost  by  breakage  in  shipment. 

CORRELATION   OF  WATER-BEARINd   STRATA. 

In  regard  to  the  different  water-bearing  strata  above  noted  in  tl 
Valdosta  and  Boston  wells  it  might  be  stated  that  it  was  found  impc 
sible,  with  the  meager  data  at  hand,  to  correlate  any  of  them  with  tl 
water-bearing  stratum  in  the  Russell  Pond  well.     In  the  absence 
other  data,  an  attempt  was  made  to  correlate  the  strata  by  means 
rhemical  analyses  of  the  water,  but  the  results  were  unsatisfactory. 

While  it  does  not  seem  possible  at  present  to  correlate  any  of  t 
strata  with  the  Quitman  stratum,  into  which  the  salt  was  introduce 
there  is  but  little  doubt  that  they  all  occur  in  the  Vicksburg  lini 
stone.  Furthermore,  as  previously  noted,  the  static  head  of  the  wat 
in  the  Valdosta  and  Boston  wells  is  greater  than  the  static  head  of  t 
water  in  the  Quitman  well  by  24  and  f>9  feet,  respectively.  Tl 
would  seem  to  indicate  that  the  water-bearing  strata  are  not  contin 
ous  throughout  the  entire  region,  or  that  there  is  a  flow  convergii 
toward  Quitman,  a  condition  not  probable. 
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RESULTS. 

Station  No.  1. — ^The  normal  chlorine  in  the  waterworks  well  wm 
determined  as  5.44:  parts  per  1,(HX),000.  Four  hours  after  the  intro- 
duction of  the  salt  in  the  Russell  Pond  well  the  amount  of  chlorine  in 
the  water,  as  shown  by  the  samples,  began  to  increase,  reaching  t 
maximum  of  6.80  at  8  p.  m.  October  15,  or  twelve  hours  after  the 
introduction  of  the  salt.  From  this  time  on  the  water  continued  to 
show  excess  of  chlorine  in  varying  quantities  for  about  live  days,  or  p 
as  long  as  the  salt  water  was  poured  in  at  the  other  well,  finally  sub-  ^ 
siding  to  its  normal  amount  on  Octol)er  21. 

Statimi  No.  2. — The  normal  chlorine  in  the  old  Waterworks  well 
appears  to  be  5.44,  although  a  sample  taken  just  before  the  experiment 
showed  6.12.  The  chlorine  content  of  the  water  of  this  well  b^fan  to 
rise  within  four  hours  after  the  insertion  of  the  salt,  reaching  a  maxi- 
mum of  6.97  at  8  p.  m.  on  October  15,  from  which  time  it  gradually 
declined,  with  several  fluctuations,  until  8  p.  m.  October  19,  after 
which  it  remained  constant  until  October  21,  at  its  normal  amount 

Station  No.  3. — The  normal  chlorine  in  the  Oglesby  well  is  6.44. 
The  water  of  this  well  was  examined  at  intervals  from  October  15  to 
October  29.  From  October  15  to  October  21  there  were  some  fluctua- 
tions in  the  amount  of  chlorine,  which,  however,  appear  to  have  no 
relation  to  the  introduction  of  the  salt  in  the  Russell  Pond  well.  At 
12  p.  m.  on  October  21  a  decided  rise  was  noticed,  which  continued 
until  4  p.  m.  October  22,  when  it  reached  a  maximum  of  6.46.  It 
remained  at  this  point  until  12  p.  m.  of  the  same  day,  after  which 
it  declined  gradually,  though  with  some  fluctuations,  until  12  p.  m. 
October  26,  when  the  normal  was  again  reached. 

Station  No.  4- — The  normal  chlorine  at  Blue  Spring  appears  to  be 
5.78  parts  per  1,000,000.  Tests  were  conducted  from  October  16  to 
November  4,  but  no  variations  in  the  amount  of  chlorine  which  could 
be  attributed  to  the  salt  inserted  at  Quitman  were  olwervcd. 

Station  No.  5. — The  normal  chlorine  at  Mclntyre  Spring  is  5.78,  the 
same  as  at  Blue  Spring.  Samples  were  taken  from  October  19  to 
November  6,  but  no  variations  in  the  amount  of  chlorine  referable  to 
the  introduction  of  salt  at  Quitman  were  noted. 

Station  No.  6. — The  normal  chlorine  in  the  Boston  well  appears  to  be 
6.80,  and  no  persistent  variations  were  observed  during  the  interval 
from  October  19  to  November  24. 

Station  No.  7. — The  normal  chlorine  in  the  Valdosta  well  is  5.44..  No 
variations  due  to  the  insertion  of  sidt  at  Quitman  were  noted. 

From  the  preceding  it  will  be  noted  that  only  throe  stations — namely, 
the  Waterworks  well,  the  Old  City  well,  and  the  Oglesb}^  well — show 
variations  which  can  with  any  degree  of  certainty  be  attributed  to  the 
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effect  of  salt  introducred  in  the  KilssoII  Pond  well.     It  will  lie  observed 
Ihatthe  maxiniuni   amount  of  chlorine  in  the  two  wells  firHt  named 
occurred  at  8  p.  iii.  October  15,  just  twelve  liours  aftt»r  the  first  intro- 
duction of  salt  into  the  well.     As  both  of  these  wells  are  within  a  short 
distance  of  the  Russell  Pond  well,  this  result  would  naturally  be  ex- 
pected; yet  at  the  same  time  it  is  difficult  to  explain  how  the  salt  made 
ltd  appearance  in  the  Waterworks  well,  as  it  obtains  its  supply  from  a 
water-bearing  stratum  that  lies  2<X)  feet  below  the  one  into  which  the 
aaltwas  introduced.     It  was  surmised  that  the  casing  cutting  off  the 
apper  water-bearing  stratum  from  the  one  l>elow  did  not  form  a  water- 
tight joint  at  the  point  where  it  was  driven  into  the  rock,  but  allowed 
the  water  to  flow  downward  when  the  pump  was  in  action.     In  order 
to  determine  whether  this  supposition  was  true  or  not,  the  following 
test  was  made:     The  pump  was  started  and  run  for  a  few  minutes 
when  a  sample  of  the  water  was  taken  to  determine  the  normal  amount 
of  chlorin  present.     There  was  then  introduced  through  the  8-inch 
casing  into  the  upper  water-bearing  stratum  15  pounds  of  salt  in  solu- 
tion, and  the  pump  wtis  again  started  and  run  continuoush^^  for  a  half 
hour.     During  the  time  the  pump  was  in  operation  samples  were  taken 
every  five  minutes.     Analyses  of  these  samples  showed  no  increase  of 
chlorine,  demonstrating  that  the  salt  had  not  reached  the  second  water- 
bearing stratum  by  the  way  of  the  suspected  joint  at  the  lower  end  of 
the  4i-inch  casing  elsewhere  described.     This  test  seemed  to  show  that 
the  chlorine  in  the  original  experiment  did  not  reach  the  water  in  the 
tjecond  stratum  by  the  way  of  any  defect  of  the  joint  at  the  end  of  the 
4i-inch  casing.     The  test,  however,  can  hardly  be  considered  conclu- 
sive, owing  to  the  small  amount  of  salt  used  and  the  limited  time  the 
pump  was  operated  after  the  salt  was  introduced.     It  is  very  probable 
that  if  the  amount  of  salt  had  been  larger  and  the  samples  had  Ix^en 
taken  at  longer  intervals,  the  presence  of  the  salt  would  have  been 
detected. 

In  regard  to  the  Oglesby  well  it  will  be  noticed  that  the  salt  was 
transmitted  in  a  northwesterly  direction,  notwithstanding  the  fact  that 
the  general  flow  of  underground  waters  of  the  region  is  supposed  to 
be  southward  rather  than  northwestward. 

In  addition  to  the  variation  in  the  amount  of  chlorine  here  explained 
as  probably  due  to  the  pre.sence  of  the  suit  introduced  into  the  Russell 
Pond  well,  there  are  also  other  variations  which,  with  one  exception, 
are  unexplained.  The  exception  referred  to  occurred  at  the  old  City 
Waterworks  well.  The  diagram  for  this  wM  shows  that  th(»  amount 
of  chlorine  in  the  sample  taken  bofore  tin*  experiment  was  inuch 
higher  than  the  normal.  This  was  prolKibly  due  to  the  presence  of 
surface  waters  which  had  iea(!hed  the  water  bearing  stratum  below 
through  the  defective  casing. 


54  HYDROLOGY    OF   EASTERN   UNITED   STATES,  1904.      [No.lia 

CX)NCLU8ION8. 

From  the  notes  aJ)ove  given  on  the  Quitman  experiment  the  following 
conclusions  may  be  drawn: 

1.  The  so-called  underground  stream,  in  the  ordinary  meaning  of 
that  term,  does  not  exist  in  the  wells  investigated. 

2.  The  water,  which  has  a  motion  of  probably  not  over  200  feet  per 
hour,  occurs  in  a  porous,  cavernous  limestone,  several  feet  in  thickness. 

3.  Sewage  introduced  into  the  first  water-bearing  stratum  will  con- 
taminate all  of  the  wells  in  the  vicinity  that  attain  a  depth  of  120  feet 
or  more. 

4.  The  upper  water-bearing  stratum  in  the  Waterworks  well  is  not 
completely  cut  off  from  the  water-bearing  stratum  below,  so  that  the 
water  from  the  lower  stratum  is  likely  to  be  contaminated  from  the 
stratum  above. 


THE  NEW    ARTESIAN  WATER  SUPPLY  AT 

ITHACA,  N.  Y. 


By  Francis  I-.  Whitney. 


Theobjei't  of  this  paper  is  to  call  attention  to  steps  taken  at  Itha(« 

to  obtain  a  pure    water  supply  from  underground  sources  after  the 

pollution  of   the   surface  sources  had  given  rise  to  a  severe  typhoid 

epidemic.     The  conditions  existing  at  Ithaca,  as  regards  underground 

waters,  are  probably  duplicated  at  many  points  in  New  York,  New 

En^rland,  and    elsewhere,  and  attention  is  called  to  the  possibility, 

under  favorable  conditions,  of  procuring  adequate  supplies,  even  for 

towns  or  cities  of  some  size,  from  the  glacial  gravels  of  the  deeply 

filled  vallevH   of   these  regions.     Such   supplies  may  not  always  l)e 

available,  \Hit  the  possibility  that  they  may  be  procured  can  usually  be 

determined  by  a  few  inexpensive  test  wells. 

FACTORS  LEADING  TO  CHANGE  OF  SUPPLY. 

Old  water  sujrply, — Up  to  the  early  part  of  1903  the  city  of  Ithaca 
obtained  the  larger  part  of  its  water  supply  from  Sixniile  Creek,  a 
stream  entering  Cayuga  Lake  from  the  southeast  at  Ithaca.  The 
pumping  station  was  located  in  the  outskirts  of  the  city,  on  the  south- 
east side.  The  creek  is  between  15  and  20  miles  long.  In  general  its 
drainage  area  is  thinly  populated,  but  two  towns  having  an  aggregate 
population  of  several  hundred  inhabitants,  are  located  directly  on  the 
stream,  which,  in  fact,  receives  all  the  dminage  from  them. 

An  additional  water  supply  was  obtained  at  Buttermilk  Falls,  on  a 
small  creek  about  \\  miles  south  of  Ithaca.  There  are  very  few  houses 
in  its  drainage  area. 

Cornell  University  derives  its  supply  from  Fall  Creek,  a  stream  that 
enipticfii  into  Cayuga  Lake  at  its  south  end. 

Typhoid  epidemic, — It  had  long  been  recognized  that  these  waters, 
especially  that  of  Sixmile  Creek,  were  liable  to  pollution,  and  precau- 
tionary sj'stematic  examinations  of  the  water  were  made  from  time  to 
time.  These  analyses  were  made  by  Prof.  E.  M.  Chamot,  of  Cornell 
University.  Some  difficulty  existed  in  the  interpretation  of  the  analy- 
ses, because  of    the  fact  that  n  number  of  flowing  sa\t  weWs  Y^ete 
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tributary  to  the  stream,  so  that  it  wa,s  not  |>o{s.sibIc  to  determine  what 
part,  if  any,  of  the  chlorine  that  the  water  contained  wan  due  to  sewage 
or  similar  pollution. 

The  water  gave  general  satisfaction  until  about  the  beginning  of 
1908,  when  an  exceptionally  severe  epidemic  of  typhoid  fever  broke 
out  in  the  city.  Hundreds  of  residents,  including  many  students  of 
Cornell  University,  were  stricken,  and  the  percentage  of  deaths  wis 
very  high.  The  public  was  thoroughly  aroused  to  the  necessity  of 
taking  immediate  and  mdical  steps  for  determining  the  cause  of  the 
epidemic  and  for  furnishing  a  new  water  supply,  provided  the  souKe 
of  danger  was  found  to  lie  in  the  old  supply. 

It  was  found  that  the  city  supply  from  Buttermilk  Falls  and  the 
college  supply  from  Fall  Creek  were  unpolluted.  Sixmile  Creek,  on 
the  contrary,  was  proved  to  be  highl}-  polluted,  and  it  was  seen  tW 
this  was  the  probable  cause  of  the  epidemic. 

Proponed  dam  an  SixnrUe  Cre^k. — During  1902  the  Waterworks* 
Company  began  the  erection  of  a  high  dam  on  Sixmile  Creek,  in  order 
to  provide  a  supplementary  source  of  supply.  The  dam  was  designed 
to  be  90  feet  high  and  100  feet  wide.  Many  of  the  citizens  of  the 
town  and  some  experts  considered  the  dam  unsafe  and  vigorous  pro- 
tests wei'e  made.  The  protests  were,  however,  without  result,  and 
the  company  continued  the  work  of  construction.  The  feeling  against 
the  company  became  very  strong  and  was  doubtless  a  factor  in  the 
controversy  which  arose  over  the  question  of  securing  artesian  water. 

Action  of  water  commissioners, — On  February  16,  1908,  the  water 
commissioners  met  and  discussed  the  feasibility  of  installing  a  filtra- 
tion plant.  The  plan  was  proposed  by  President  Schurman,  of  the 
university.  Prof.  E.  M.  Chamot  testified  that  such  a  plant  would 
not  act  as  a  perfect  sterilizer,  although  if  properly  constructed  and 
controlled  it  would  remove  98  to  99  per  cent  of  the  bacteria.  The 
plan  received  little  support. 

Conmiissioner  Horton  called  attention  to  the  expense  of  filtering 
and  the  ease  with  which  a  company  can  furnish,  without  detection, 
unfiltered  water,  and  advocated  artesian  wells  as  a  source  of  supply* 
It  was  thought  that  such  wells  could  be  obtained  within  a  radius  of 
10  miles  of  the  c^ity. 

It  was  urg(»d  l)y  Professor  Chamot  that  most  of  the  art^«ian-weil 
water  of  the  locality  was  too  hard  for  household  purposes,  but  that  it 
could  l)e  used  in  boilers,  as  attested  b}^  the  fact  that  it  had  for  eight 
yeai-s  been  used  in  those  at  the  salt  plant  without  bad  effects.  A 
further  objection  to  the  use  of  artesian  wells  la}-  in  the  fact  that  the 
city  might  be  liable  for  damages  resulting  from  the  loss  of  water 
in  adjacent  wells.  The  drilling  of  test  wells,  the  effect  of  which  it 
was  proposed  to  observe  carefully,  was  advised  as  a  precautionary 
measure. 
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Xri'nm  of  i'^ninium  c^punctl. —Xi  a  meeting  of  the  common  council 
eirly  in  the  yess,r  President  Schurman  urj^ed  immediate  efforts  to 
obtain  uiicontauiinated  supplien,  .stating  that  it  would  U'come  neces- 
sary to  close  the  university  unless  a  satisfactor}'  supply  was  obtained 
by  September  1,  1908.  He  reported  that  the  executive  committee 
and  a  Dumber  of  trustees  of  the  university  liad  considered  the  advisa- 
bility of  sinking  arte.sian  wells,  and  had  repoited  that  it  would 
probably  not  be  possible  to  obtain  from  such  wells  the  2,000,000  gal- 
lons of  water  consumed  daily  by  the  city.  In  consideration  of  the 
necessity  of  obtaining  pure  supplies  by  September  1,  it  was  recom- 
iDended  that  the  filtration  plant  be  installed.  This  proposition  was 
adopted  by  the  council,  but  it  was  decided,  before  proceeding  further, 
tosabmitthe  subject  to  the  referendum  of  the  people.  A  special 
election  was  ordered,  to  take  place  on  March  2,  to  determine  whether 
the  city  should  undertake  the  ownership  of  its  water  supply.  This 
election  resulted  in  favor  of  municripal  ownerehip. 

Action  of  com  tn  itt£e  of  one  hujidred, — Following  the  election  a  com- 
mittee of  one  hundred  was  appointed  from  among  the  representative 
men  of  the  city  which  agreed  to  subscribe  to  the  amount  of  $10,000  or 
more  toward  procuring  an  immediate  pure  suppl}'  and  for  conducting 
experiments  to  determine  the  probability  of  a  permanent  supply  of 
artesian  water  from  the  Freeville  basin.  The  Fourth  street  test  well, 
described  on  a  subsequent  page,  was  sunk  by  this  committee. 

FREEVILLE   ARTESIAN    BASIN. 

The  Freeville  Imsin  is  a  portion  of  the  deep,  gravel-filled  valley  of 
Fall  Creek  lying  in  the  vicinity  of  Freeville,  about  10  miles  northeast 
of  Ithaca.  The  watershed  contributing  to  the  basin  covers  75  square 
miles,  while  the  basin  proper  has  an  area  of  from  15  to  25  square  miles. 
It  was  estimated  that  10,000,000  gallons  of  water  daily  could  be 
obtained  from  this  basin,  although  the  nature  of  the  material  and  the 
slope  of  the  hydraulic  grade,  or  underground  water  surface,  was  prac- 
tically unknown.  Because  of  the  lack  of  definite  information  in  regard 
to  the  l>asin  and  its  distance  from  the  city  the  project  of  obtaining 
wat4*r  supply  from  it  was  finally  abandoned. 

ITHACA    ARTESIAN    BASIN. 

Attention  was  then  directed  to  the  valley  in  which  the  city  of  Ithaca 
lies.  An  examination  of  the  geology  of  the  rc^gion  showed  that  ])ecause 
of  the  slope  of  the  rocks  to  the  south,  wl.ile  their  outcrop  was  at  a 
lower  level  to  the  north,  they  could  not  lie  expecti^d  to  yield  flowing 
water.  The  fineness  of  the  texture  of  the  rocks  is  also  such  that  their 
water-boldin^^  cjipacitv  i^  smtill 
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The  conditions  for  a  supply  from  the  gravels  filling  the  valley? 
however,  are  much  more  favorable.     Such  wells  as  had  been  drilled 
obtained  considerable  supplies,  and  it  appeared  prolmble  that  with 
additional  wells  a  supply  sufficient  to  meet  the  needs  of  the  city  could 
be  obtained. 

The  underground  water  of  the  region  is  probably  derived  by  absorp- 
tion from  the  waters  brought  in  from  the  south  by  Cxyy  Glen,  Butter- 
milk Creek,  Enfield  Creek,  and  other  streams  tributary  to  the  main 
valley  occupied  bj  Cayuga  inlet.  Cayuga  Lake  will  apparently  have 
little  bearing  on  the  water  supplies  of  the  gravels,  its  surface  being 
considerably  lower  than  the  mouth  of  the  wells.  Prof.  G.  D.  Harris 
suggested  the  use  of  screens  adjusted  in  the  casing  of  the  wells  at  eadi 
water  bed  in  order  that  all  producing  horizons  might  be  drawn  upon. 

It  was  not  regarded  as  essential  to  the  success  of  the  artesian  supply 
that  the  wells  should  ac^tually  flow,  it  making  very  little  difference  in 
the  cost  of  distribution  whether  the  water  stood  a  few  feet  above  or  a 
few  feet  below  the  surface.  Jamestown,  in  western  New  York,  is  sup- 
plied with  water  from  a  deeply  gravel-tilled  channel.  At  the  start  the 
wells  rose  perhaps  25  feet  above  the  surface,  but  as  more  wells  have 
been  sunk  into  the  water-bearing  gravels  and  a  considerable  supply 
drawn  from  them  the  old  wells  have  ceased  to  flow,  all  the  larger  wells 
being  coimected  with  powerful  steam  pumps. 

It  was  conceded  that  the  water  supply  of  Cayuga  inlet  valley  would 
easily  supply  Ithaca  proper,  while  if  necessary  the  university  and  por- 
tions of  the  city  in  its  vicinity  could  be  supplied  by  Fall  Creek. 

WELLS   IN   THE   ITHACA   BASIN. 

The  IlUtmi  well, — The  lllston  well,  which  is  about  287  feet  deep, 
was  sunk  by  Mr.  lllston  for  the  purpose  of  obtaining  pure  water  for 
the  manufacture  of  ice.  After  nuich  labor  and  expense  he  succeeded 
in  obtaining  a  well  which  gave  a  prcv^sure  of  about  13  pounds  per  square 
inch  and  a  temperature  of  54  F.  Tests  made  })y  Mr.  E.  B.  Kay  on 
March  6, 1903,  showed  that,  with  the  pipe  8  feet  al)Ove  ground,  403,142 
gallons  of  water  ran  from  the  well  daily,  the  test  being  made  with  a 
weir  after  the  well  had  run  freely  for  one  hour.  Mr.  Kay  estimated 
that  had  the  test  been  made  at  the  surface  of  the  ground  the  result 
would  have  been  more  than  425,000  gallons.  By  the  use  of  an  air  lift 
or  other  pump  the  capacity  would  probably  be  increased  at  least  50 
per  cent,  and  it  is  not  impossible  that  1,(K)0,(K)0  gallons  daily  might 
be  procured  from  this  well  alone.  A  second  test,  made  March  8,  after 
the  well  had  flowed  twenty-four  hours,  showed  an  output  of  405,000 
gallons  a  day.  The  flow  was  even  stronger  than  in  the  former  test. 
Records  at  the  Cornell  (•heniical  laboratories  show  that  the  analysis  of 
water  from  this  well  is  as  follows: 
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Anahj^n  of  vmUr  from  IllMtm  veii, 

Piirta  per 
million. 

Free  ammonia 0. 480 

Albuminoid  ammonia 0. 005 

Nitrogen  aa  nitrites None. 

Nitrogen  as  nitrates Trace. 

Oxygen  consumed 0. 644 

Chlorine  as  chlorides 61. 640 

Total  solid  residue 304.000 

LoHB  of  solids  on  ignition 78. 000 

Comparative  analyses  made  by  Professor  Chamot  on  the  Illston  and 
other  waters  of  this  vicinity  showed  that  in  1,000,000  parts  the  Illston 
water  contained  309"  parts  solid  matter;  Fall  Creek  water,  309  parts; 
Buttermilk  Creek  water,  200  parts;  springs  in  vicinity  of  the  city,  165 
to  200  parts;  city  well  water,  500  parts,  and  Forest  Home  well  water, 
670  parts  per  million. 

From  the  analysis  it  appears  that  the  Illston  well  water  is  softer  than 
that  of  most  of  the  wells  and  springs  in  the  city  or  at  Forest  Home,  as 
8oft  as  the  Fall  Creek  water,  and  almost  as  soft  as  Buttermilk  Creek 
water. 

Salt  well. — About  eight  years  ago  the  National  Salt  Company  began 
to  sink  its  first  well  to  the  salt  bed.  A  14-inch  hole  was  drilled.  For 
the  first  hundred  feet  the  drill  went  through  a  stratum  of  clay,  in  which 
no  water  was  found.  At  the  depth  of  100  feet  the  drill  broke  through 
the  clay  into  a  gravel  bed,  upon  which  the  hole  was  instantly  filled 
with  pure,  clear  water. 

After  going  through  the  gravel,  100  feet  beyond  the  water  vein,  the 
drill  was  brought  to  the  surface,  and  in  the  corner  of  the  derrick 
house  another  well,  this  one  6J  inches  in  diameter,  was  sunk  to  a  depth 
of  about  120  feet,  the  lower  20  feet  being  in  the  gravel.  The  water 
from  this  well  was  clear,  despite  the  fact  that  the  drill  had  ground  up 
the  gravel  and  had  created  a  condition  which,  naturally,  would  have 
caused  the  water  to  be  turbid.  A  third  well,  of  the  same  size  as  the 
last,  was  sunk,  and  then  the  drilling  of  the  first  and  deeper  well  was 
resumed.  After  the  completion  of  the  plant  a  pump  was  attached  to 
one  of  the  wells.  The  flow  was  so  copious  that  the  engine  was  shut 
off  to  half  its  power,  and  for  eight  years  only  a  small  part  of  the 
water  which  might  be  drawn  from  the  well  has  been  used,  although 
tbous<ands  of  gallons  are  consumed  daily  at  the  plant. 

Fourth  fttre^^t  test  weJl, — With  the  belief  that  other  wells  sunk  in  this 
vicinity  would  prove  successful  a  test  well  was  bored  near  Fourth 
street.  This  well  was  readily  drilled  to  the  water-hearing  stratum, 
which  was  struck  at  the  depth  of  91  feet.  When  the  gravel  was 
reached  the  G-inch  pipe  was  quickly  filled  with  water.  Aiiother  length 
of  pipe  was  then  added,  and  the  well  wa^  completed  at  a  depth  of  l^ft 
feet,  with  S2  feet  of  pipe  in  the  gmvel 
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This  well  was  then  tested  by  pumping  for  several  hours  with  a  steam 
fire  engine.  Although  the  engine  was  worked  to  its  full  cuimcity  there 
was  no  diminution  of  the  water  supply.  The  well,  however,  has  since 
become  choked  with  fine  sand,  which  has  gradually  filled  the  screen. 
It  is  believed,  however,  that  if  properly  developed  it  may  again  be 
made  to  yield  abundantly. 

WeH^  drilled  f(w  temporary  supply. — Meanwhile  workmen,  under 
the  direction  of  the  water  board,  were  drilling  several  wells  for  a 


Fig.  17.— Sketch  map  showing  location  of  temporary  supply  wells  near  Ithaca. 


temporary  supply.  These  wells  are  located  on  the  lowlands  in  the 
valley  of  Cayuga  Lake,  along  the  lines  of  the  Delaware,  Lackawanna, 
and  Western  Ilailroad  Company  and  the  Lehigh  Valley  Railroad  Com- 
pany, near  the  intersection  of  Clinton  street  with  the  railroads.  The 
lowlands  are  level  and  sw^ampy,  being  only  about  3  feet  above  Cayuga 
Lake.  As  shown  by  the  accompanying  map  (fig.  17)  they  are  within  a 
few  feet  of  the  Illston  well,  south  of  the  city. 
TAe    wells   were  all  sunk  by   a  walking- lieain   drill,   assisted   by 
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hydraulic  jet  to  remove  the  fine  sand  when  the  water-bearing  ntrata 
was  reached. 

Of  the  13  wells  pat  down  by  the  board  onlj'  3  are  dry,  2  ending 
in  black  shale,  the  others  in  fine  sand  and  gravel.  Many  have  an 
excellent  head,  those  neare^st  the  Illstonwell,  already  described,  having 
the  greatest.  One,  known  as  Strang  No.  3,  had,  at  the  time  of  l)oring, 
a^tic  head  of  17i  pounds.  Some  of  the  wells  nevertheless  required 
de?eloping,  and  were  opened  by  exploding  dynamite  at  their  bottoms, 
tbe  loosened  material  being  then  removed  by  washing.  In  the  Trapp 
well  over  30  pounds  of  d3"namite  were  used  for  this  purpose. 

As  already  stated,  the  lUston  well  yields  with  an  air  lift  425,000 
gallons  daily.  The  wells  sunk  for  the  temporary  supply  draw  their 
water  from  the  same  source.  What  the  wells  will  yield,  however,  is 
not  yet  known,  although  it  had  been  found  that  the  water  in  the  vari- 
ous wells  is  affected  by  the  pumping  of  others  in  the  series.  The 
water  board  estimates  that  the  wells  when  pumped  will  have  a  capacity 
of  3,000,000  gallons  daily. 

GEOLOGY   OF  THE   SUPPLY. 

The  diagranmiatic  sections  in  PI.  V,  together  with  the  written  records 
On  pages  64  to  66  indicate  the  manner  in  which  the  materials  are  dis- 
tributed in  the  different  wells.     It  will  be  seen  that  there  is  consider- 
able variation  in  the  upper  and  lower  portions  of  the  wells,  although 
^  certain  S3^stem  in  the  character  of  tbe  deposits  prevails.     At  the  top 
^ere  is  a  bed  of  mucky  clay  about  6  feet  thick.     Below  this  is  a  pure 
^lav,  or  a  clay  containing  in  some  instances  considerable  amounts  of 
^and  or  gravel,  which  extends  to  a  depth  from  about  50  or  more  feet, 
^neath  which  is  from  20  to  50  feet  or  more  of  prevailingly  sandy  or 
gravelly  material,  in  which  some  clay  may  also  occur.     These  strata 
^iarry  water,  which  will  ri.se  to  within  about  10  feet  of  the  surface. 
Kone  of  this  water  is  admitted  to   the  wells,  })ut  is  cased  off  so  as 
to  avoid  any  possibility  of  contamination  from  surface  water.     The 
stratum  of  sand  and  gravel  last  mentioned  is  frequently  overlain  by 
logs  in  a  good  state  of  preservation,  which  the  drills  penetrate  with 
difficulty.     Underlying  the  gravel  and  sand  is  a  stratum  of  clay  that 
extends  to  depths  ranging  from  210  to  250  feet,  where  a  mixture  of 
gravel  and  clay  is  encountered  that  extends  downward  to  depths  vary- 
ing from  280  to  290  feet  below  the  surface.     The  lower  part  of  this 
stratum  was  in  many  cases  a  very  hard  and  compact  Imrdpan,  directly 
below  which  is  the  stratum  of  gravel  and  sand  from  which  the  supply 
of  water  is  drawn.     As  the  water  is  taken  only  from  this  stratum, 
which  lies  285  feet  below  the  surface  and  is  protec^tcd  by  a  great  thirk- 
nessof  clay,  surface  pollution  })ecomes  pmcticHlly  impossible. 

The  abundant  supply  can  he  attributed  to  the  general  coud\l\oTiH 
of  the  valiej.     On  either  side  are  hills  attaining  a  height  oi  a\>ovxt 
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1,00<)  feet  and  forming  an  immense  caU'-hment  area.  Underneath  the 
drift  are  the  Portage,  Genesee,  and  Hamilton  shales,  and  other  rocks, 
dipping  southward.  The  slope  of  the  hills  being  nearly  at  right 
angles  to  the  dip  of  the  beds,  the  water  flows  downward  into  the 
valley  instead  of  percolating  through  the  underlying  rocks.  At  a 
distance  of  8  miles  south  of  the  city  the  floor  of  the  valley  is  about 
472  feet  higher  than  at  the  wells.  The  water  from  the  hills  of  this 
region  finds  its  way  into  the  gmvel  and  sand  deposits  of  the  valley, 
and  by  these  is  conveyed  toward  the  lake. 

Wells  drilled  outside  a  rather  definitely  limited  area  either  fail  to 
obtain  water  or  procure  only  small  supplies  with  little  head.  Wells 
drilled  along  a  certain  line,  however,  procure  water  under  considera- 
ble pressure.  The  facts  indicate  the  probable  presence  of  a  rather 
definite  and  limited  water  course  through  sand  and  gravel  overlain  by 
impervious  clays. 

WELL   RECORfiS. 

The  sections  of  six  of  the  artesian  wells  in  the  vicinity  of  Ithaca 
have  been  given  in  PL  V.*  Below  are  given  records  of  a  number  of 
additional  wells. 

SOUTH  WELL. 


Material. 


Soil 

Blue  clay 

Clay 

Sandy  clay  and  wood  . 

Sandy  clay , 

Gravel  and  clay , 

Clay 

Clay  and  gravel 

Clav 


Sandy  clay 

Sand 

Coarse  sand 

Coarse  to  fine  sand 

Coarse  sand;  struck  water. 


Thick- 
ne«8. 


Feet, 

5 

7 

8 

10 

10 

10 

10 

10 

65 

«5 

10 

10 

10 


Depth  to 
base. 


Feet. 

5 

12 

20 

30 

40 

50 

60 

70 

K« 

200 

210 

220 

230 

232 


Located  1,500  feet  up  the  valley  from  Clinton  street,  Ithaca,  and  about  70  feet 
east  from  the  Delaware,  Lackawanna  and  Western  Railroad.  Authority,  Mr. 
Partridge. 
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68 


Material. 


gravel . 


gravel 

id 

rl  gravel 

[1  and  clav  mixe<i. 


Thick- 
new. 


t'oarw;  gravel;  black  sand. 


Feet. 
44 
31 

123 
21 
18 
4 
7 
6 
1 
1 


Depth  to 


uwing  water. 


STRANG  WELL  NO.  2. 


rith  plugged  pipe  . 
a 


h  large  stones  . 


y  and  fine  sand, 
d 


icketm  of  sand  and  coarse  gravel, 
d 


I  gravel,  hanlixan 

I  gravel  with  large  stone 

I  gravel  with  streaks  of  fine  sand . 

I  sharp  black  sand 

le  sand,  and  gravel 

1  black  sand 

:k  shale  ro<;k  and  sand 

lale 


8 

11 

1 

2 

12 

10 


STRANG  WELL  NO.  3. 


ven  with  end  plugged  . 
I  sand 


I 


1  sand 

ad 

nd  and  some  clay  and  fine  sand  niixeii 

rater 


110 

2 

11  i 
47 
70 
W) 
16 

5 


44 
76 
78 
201 
222 
240 
244 
251 
257 
258 
259 
259 


87 

87 

10 

97 

16 

213 

22 

235 

33 

268 

11 

279 

8 

287 

13 

300 

7 

307 

6 

313 

316 
327 
328 
330 
342 
352 


110 
112 
123 
170 
240 
259 
275 
280 
280 
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STRANG  WELL  NO.  4. 


Material. 


Driven  with  plugged  pipe 

Clay  and  large  gravel 

Fine  sand 

CUy 

Hard  clay  and  stone 

Fine  sand 

Struck  water 


Thick- 
new. 

"tt 

F^nt. 

ffd 

110 

10 

10 

112 

6 

32 

STRANG  WELL  NO.  5. 


Driven  with  plugged  pipe. 

Clay  and  stone 

Fine  sand 

Clay 

Clay  and  stone 

Clay 

Gravel ;  struck  water 


108 

7 

8 

121 

12 

14 

6 


PRESENT  CONDITIONS. 

The  total  number  of  wells  sunk  is  14,  of  which  two,  put  down  in 
first  prospecting,  are  at  such  a  distance  from  the  station  and  collect 
well  as  to  make  it  impracticable  to  connect  with  them  on  accoun 
cost,  and  three  are  dry  or  nearly  dry.  The  remaining  nine  producl 
wells  vary  in  flow  from  50,(X)0  gallons  to  430,000  gallons  each  per 
of  twenty-four  hours,  and  the  static  heads  vary  from  16  to  18  poui 

The  flow  is  collected  by  a  system  of  pipes  and  laterals  and  delivc 
to  a  circular  brick  cistern  or  well,  16  feet  in  diameter  and  18  feet  d< 
where  any  gravel  or  sand  is  deposited,  so  that  it  may  not  reach 
pumps.  The  walls  of  the  collecting  well  are  17  inches  thick,  and 
made  water-tight  by  a  thick  wall  of  puddled  blue  clay  that  entirely ; 
rounds  the  well  and  extends  from  the  surface  downward  to  a  depti 
6  feet,  reaching  the  stratum  of  clay  underlying  the  soil. 

In  the  meantime  the  waterworks  company  has  constructed  a  fil 
tion  plant  of  the  mechanical  type,  from  which  those  who  are  will 
to  take  real  or  fancied  filtered  water  obtain  their  supplies. 

For  a  permanent  supply  deep  wells  in  the  valley  of  Sixmile  Cr 
are  contemplated,  although  not  yet  decided  upon.  These  can  be 
located  that  the  water  may  be  distributed  by  a  gravity  system. 


DRILLED  WELLS  OF  THE  TRIASSIC  AREA  OF 
THE  CONNECTICUT  VALLEY. 


By  W.  H.  C.  Pynchon. 


IXTRODUCTION. 

Location  and  area. — The  TriOvSsic  area,  vso  called  from  the  fact  that 
it  is  underlain  by  rocks  of  Triassic  age,  is  the  lowland  belt  extending 
bom  N  »w  Haven  in  a  direction  slightly  east  of  north  to  Northfield, 
iiass.,  not  far  from  the  New  Hampshire  line— a  distance  of  about  110 
Dniles  (fig.  18).  Its  width  at  New  Haven  is  about  3  miles.  To  the  north 
h  expands  until  at  the  Massachusetts  line  it  has  a  width  of  20  miles, 
from  which  it  gradually  declines  to  a  width  of  about  a  mile  at  its 
terthem  end. 

It  is  an  area  of  soft  sandstones  and  shales,  with  occasional  trap  ridges, 
Ijing  in  a  broad  depression  between  harder,  more  or  less  crystalline 
tocks.  It  is  ti-aversed  from  its  northern  end  southward  to  beyond 
Itiddletown  by  the  Connecticut  River  and  is  frequently  spoken  of  as 
Ihe  Connecticut  Valley  lowland. 

General  condlt'nnv<. — The  sedimentary  rocks  of  the  Triassic  area  vary 
Irwn  coarse  conglomemtes  through  sandstone  to  tine  clay  shales,  inter- 
bedded  with  which  are  thick  sheets  of  trap.  The  dip  is  a  little  south 
of  etst  and  averages  about  14  degrees.  The  rocks,  except  the  traps, 
Ue  porous,  holding  up  to  30  per  cent  of  their  own  volume  of  water, 
ind  the  dips  are  such  that  artesian  flows  would  ordinarily  be  expected 
in  the  lower  valleys.  Such  flows  are  sometimes  obtained,  though, 
beeaoseof  disturbance  by  faulting  and  the  presence  of  numerous  joints, 
tbe  waters  of  the  area  are  uncertain  as  to  quantity  and  as  to  the  height 
to  which  tliey  will  rise.  The  Triassic  rocks  are,  nevertheless,  a  very 
important  source  of  water,  and  it  is  with  a  view  of  describing  the  con- 
ditioiis  to  drillers  and  well  owners  that  the  following  account  has  been 
{Hepared.  The  region  involved  in  the  problem  is  not  limited  by  geo- 
gnphical  but  by  geological  boundaries,  being  confined  to  the  area  of 
outcrop  of  the  Triassic  rocks. 

Nature  of  investigation. — In  the  Triassic  area  the  occurrence  of  water 
is  dependent  directly  upon  the  texture  and  structure  of  the  rocks,  and 
18  therefore  strictly  geological.  To  fully  understand  its  occurrence  a 
knowledge  of  the  geological  conditions  is  necessary.    This  knowledge 
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may  be  obtained  in  part  by  an  examination  of  the  rocks  where  tlMf 
are  exposed  at  the  surface,  but  a  full  insight  into  the  question  requm 
an  intimate  understanding  of  the  conditions  as  they  are  disclosed  If 
borings  made  for  wells.     No  one  is  in  a  better  position  to  knowtii 
underground  conditions  in  his  own  wells  than  the  driller,  but  Ui 
detailed  knowledge  rarely  extends  to  the  wells  of  other  drillers 
almost  never  covers  the  whole  field.     It  is  by  combining  infomntiQij 
obtained  from  local  authorities  throughout  the  entire  field  and  bmi 
his  own  personal  observation  that  the  geologist  is  able  to  present  ft' 
comprehensive  view  of  the  entire  region. 

The  present  paper  is  a  result  of  the  method  of  investigation  outlined 
above.  Riblished  descriptions  of  the  region  were  consulted,  additiond 
field  work  was  done  in  places  concerning  which  further  informttion 
was  desired,  and  well  records  and  other  information  furnished  fcf 
drillers  was  collected  from  all  parts  of  the  area. 

Collect  i07i  of  well  data. — At  the  beginning  of  the  investigation  mudi 
information  concerning  well  records  was  obtained  by  correspondence. 
Printed  or  typewritten  blanks,  containing  a  number  of  que^stions 
relating  to  the  owner,  location,  diameter,  and  depth  of  well;  quantity, 
quality,  and  height  of  water;  materials  encountered,  additional  well 
owners,  drillers,  etc.,  were  sent  out.  The  typewritten  blanks  were 
returned  in  almost  ever}'  case,  and  a  large  number  of  the  printed  foraw 
were  also  received.  These  furnished  a  good  basis  for  planning  field 
work,  which  was  then  imdertaken.  In  the  field,  personal  interviews 
were  had  with  drillers  and  well  ownei*s  and  facts  relating  to  the  welb 
were  o]>tained  at  first  hand.  These  facts  were  afterwards  studied  and 
compared  with  one  another  and  the  resulting  information  was  com- 
piled for  publication  in  the  present  report. 

Special  thanks  are  due  to  Mr.  C.  L.  Grant  and  Mr.  II.  B.  King,  wdl 
drillers,  of  Hartford,  Conn.,  for  recoixls  and  valuable  information 
relating  to  wells  of  the  area. 

TOPOGUAPnY. 

The  topography  ^  of  the  region  is  in  general  such  as  might  be 
expected  from  the  general  geological  structure.  The  hard  crystalline 
rocks  of  the  eastern  and  western  uplands  stand  well  above  the  region 
of  soft  Triassic  sediments,  surrounding  them  like  a  barrier.  Atil» 
northern  limit  the  lowland  has  an  elevation  of  from  400  to  500  feet 
above  sea  level,  but  the  land  slopes  steadily  downward  toward  the 
south  until,  in  the  region  of  New  Haven,  there  are  portions  which  are 
only  slightly  above  sea  level.     As  would  be  expected,  the  harder  sedi- 

rtThe  entire  areas  of  the  States  of  Connwtlcut  and  MaflKaehusettj)  have  been  mapped  by  the  Unltd 
Statefl  Oeolofirical  Survey.  The  complete  series  of  maps  includes  about  70  sheets,  of  vrhich  about li 
lie  within  the  area  under  discussion.  The  separate  sheets  are  sold  by  the  Survey  for  5  cents  each— Uii 
approximate  cost  of  printing.    Lists  can  be  had  on  application  to  the  Survey. 
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bitary  beds  find  topographic  expression  in  low  ridges  following  the 
ke  of  the  rocks  in  a  generally  north-to-south  direction,  their  steeper 
being  toward  the  west,  as  the  beds  dip  eastward.     But  it  is  to 
highly  resistant  trap  sheets  that  the  valley  owes  its  most  striking 
S|feiqK)graphic  features.     Throughout  the  whole  Triassic  area  the  trap 
3*u^es  dominate  the  lowlands  in  strong  ridges  that  run  from  north  to 
[['Mmth  and  present  bold  cliffs  on  the  west  and  gentle  slopes  on  the  east. 
:T!he  western  cliffs  of  these  ridges  are  buried  in  some  cases  almost  to 
'•heir  summits  by  a  heavy  talus  of  fragments  which  the  frost  has  split 
-dftom  their  faces.     These  slopes  of  talus,  topped  by  perpendicular 
^^ffs,  have  a  marked  individuality,  and  though  of  no  great  elevation 
r  Jlive long  been  spoken  of  as  **  mountains  "  throughout  the  region.    The 
lughest  of  these  ridges  in  Massachusetts  is  Mount  Tom,  about  10  miles 
P   aaorthwest  of  Springfield,  which  has  an  elevation  of  1,200  feet  above 
^  mok  level,  while  the  most  conspicuous  in  Connecticut  is  West  Peak,  in 
f^    the  Hanging  Hills  of  Meriden,  with  an  elevation  of  1,007  feet. 

i  GEOIiOGY. 

I 

PREVIOUS  INVESTIGATIONS. 

Soon  after  the  beginning  of  the  nineteenth  century  the  geology  and 
the  mineralogy  of  the  Triassic  area  of  Connecticut  and  Massa<?husetts 
began  to  attract  attention,  papers  on  the  subject  having  been  published 
hy  the  elder  Professor  Silliman,  of  Yale,  as  early  as  1814.  The  first 
geologist  to  make  a  thorough  study  of  the  Connecticut  section  was  Dr. 
Jtmen  (lates  Percival,  who  published  in  1842,  under  State  auspices,  a 
"Report  of  the  Geology  of  Connecticut."  Dr.  Charles  Upham  Shep- 
trd  had  published  in  1837  his  *'  Report  on  the  Geological  Survey  of 
Connecticut,''  hut  this  work  was  confined  almost  wholly  to  the  mineral 
resources  of  the  State.  At  about  the  same  time  the  portion  lying  in 
Massachasetts  received  attention  from  Prof.  Edward  Hitchcock,  of 
Amherst  College.  Among  the  geologists  who  have  since  devoted 
special  attention  to  the  region  are  Prof.  J.  D.  Dana,  of  Yale,  Prof. 
B.  K.  Emei-son,  of  Amherst,  and  Prof.  W.  M.  Davis,  of  Harvard. 
The  latest  and  most  (Exhaustive  treatise  on  the  Triassic  of  Massachu- 
setts is  Prof .  B.  K.  Emerson's  *' Geology  of  Old  Hampshire  County, 
Massachusetts.'""  The  latest  and  fullest  treatise  on  the  Connecticut 
section  Is  Prof.  W.  M.  Davis's  ^'Triassic  Formation  of  Connecticut."* 

The  geology  of  the  Connecticut  Valley  lowland  is  interesting  from 
many  standpoints.  The  manner  in  which  quiet  processes  of  deposition 
have  alternated  with  volcanic  or  other  igneous  action  presents  in  itself 
a  broad  field  of  study,  but  the  elaborate  manifestations  of  faulting  and 
displacement  and  the  complicated  structures  and  topographic  forms 

a  Mod.  U.  8.  Geol  Survey,  vol.  29. 1898. 

»Bi«lite6iith  Ann.  B«pt  U.  a  Geol.  Survey,  pi.  2, 1896.  pp.  1-192. 
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which  have  In^on  developed  in  the  region  aiTi  the  chief  soun 
interest  to  the  geologist.  It  is  not  within  the  province  of  this  \ 
how(»v<»r,  to  bike  up  the  geological  history  of  the  art*a,  attention 

necessarily  contined  to  the  ex 
stru(»ture  without  regard  to  tli 
c'csses  l)y  which  this  structiii 
been  produced,  except  in  so 
they  influence  the  underground 
supply.  It  is  from  this  staii' 
alone  that  the  following  desci 
of  the  geology  and  topogi-aj 
the'region  is  given,  the  readei 
referred  for  further  informal 
the  publications  mentioned  ab 

GENERAL  RELATIONS 


Both  the  eastern  and  the  m 
portions  of  Connecticut  are  ix* 
by  extensive  highlands.  Thoj 
sist  of  ancient  metiunorphic 
deeply  eroded  by  streams  anc 
lain  by  glacial  drift.  The  v 
upland  is  the  more  elevated, 
ing  at  one  jwint.  Bear  Mouii 
height  of  2,355  feet  above  tl 
In  Massachusetts  this  weste 
land  is  even  more  rugged  t 
(-onnecticut,  and  contains  wit 
borders  the  famous  Berkshire 
The  eastern  upland  of  Massacl 
is,  like  that  of  Connecticut,  mu 
rugged  than  the  western.  Th< 
are  highly  metamorphosed  a n( 
ly  dissected  by  the  streams 
tmverse  them.  Professor  Ei 
assigns  the  chief  part  of  the 
morphosed  rocks  in  Franklin, 
shire,  and  Hampden  counties, 
to  the  Silurian,  a  considerab 
tion    to   the   Cambrian,   two 


ItjnViscticut 


LONG      I  8  L  A  S  V 


SO  tjND 


FiQ.  18.— Geologic  Hketch  map  of  the  Triaj!«sh-    smaller   portions   tO   the    Upp 

area  of  the  Connecticut  Valley.  vonian  and  the  Carboniferot 

a  very  small  portion  to  the  pre-Cambrian.     It  is  probable 
detailed  study  of  the  uplands  of  Connecticut  would  show  tl: 
rocks  comprising  them  wnnlH  fail  under  a  similar  classification. 
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CHARACTER  OF  DEPOSITS. 

yatureofthf^  rock's. — Between  the  eastern  and  the  western  uplands, 
ootupyin^  a  depression  in  the  older  rot^ks,  lies  the  Connecticut  Valley 
lowlmd,  the  limits  of  which  have  already  l>een  stated  (p.  67).  Its  rocks 
all  belong  to  the  Triassic  system.  The  greater  portion  of  these  rooks 
coiteLsts  of  comparatively  soft  sedmientary  b^s  which  are  now  so 
tilted  that  they  have  a  rather  uniform  dip  eastward  of  alM>ut  15 
dcy^rees.  Interspersed  with  these  rocks  are  to  l)e  found,  however, 
certain  sheets  of  voU^nic  lava  (tmp),  generally  intc^rlxMided  between 
the  strata  of  the  scdimentar}'  rocks,  in  nenrly  all  cases  in  perfect 
coDformity  with  the  beds  they  overlie. 

General  structure. — A  section  across  the  Triassic  area,  as  constructed 
by  Professor  Davis,  is  shown  in  fig.  11).  The  succession  of  the  sand- 
stones and  traps,  the  uniform  eastward  dip  of  the  lieds  of  al>out  15 
de^^rees  and  their  displacement  by  faulting  are  strikingly  lirought  out. 

SHcce*mi4/n  and  dtntrihution  of  be(h. — The  portion  of  the  Triassic 
irea  in  Massachusetts  and  that  in  Connecticut  wore  studied,  as  stated, 
by  two  jjeologists  working  independently,  and  in  geneml  the  same 
conclusions  were  reached  by  l)oth.     The  uniformly  eastward  dip,  the 


Fro.  19.— Generalized  section  acro»  the  Triaasic  area  of  the  Connecticut  Valley. 

succession  from  lower  and  older  rocks  on  the  west  to  higher  and 
younger  at  the  center  of  the  area,  the  presence  of  conglomerates  along 
the  border,  the  succession  of  trap  sheets,  and  the  presence  of  great 
numl^rs  of  faults  are  recognized  by  both.  In  the  d(»tails  of  mapping, 
however,  different  subdivisions  of  the  rocks  were  made  in  the  two 
States,  and  there  is  some  difference  of  opinion  as  to  the  succession  of 
beds  in  the  eastern  portion  of  the  valley  and  the  character  of  the  con- 
tact along  that  margin.  Fig.  18  shows  the  distribution  of  the  rocks  in 
both  the  Massachusetts  and  Connecticut  areas  as  mappoil  by  Professor 
Elmerson"  and  Professor  Davis*  respectively.  In  the  following  table 
are  shown  the  equivalency  of  the  divisions  recognized  in  the  two 
States.  In  addition  to  the  formations  given  for  the  Massachusetts 
area  there  are  the  minor  Black  Rock  diabase  and  the  (Tran})v  tuff  or 
ash  beds.  In  Connecticut  there  is  in  addition  what  has  been  known 
as  the  intrusive  trap  sheet.  These  minor  beds  will  be  consideied  on 
a  subsequent  page. 

aEmernon.  B.  K.,  G<K)l(>Ky  of  oM  Haiiiiwhlrt'  County,  Maiwachunetto:  Mon.  V.  H.  (Jeol.  Survey,  vol. 
21. 1*^. 

«'Da>ii*.  W.  M..  The  TrIawMic  formation  in  Conne<'tlcut:  Eighteenth  Ann.  Kept,  U.  S.  Geol.  Survey. 
IX.2. 1S98. 
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Table  shmving  correlalion  of  Triastnc  rocks  in  MassachusetU  and  Connedicul. 


SiibdiviMions  of  B.  K.  Emerson  in  Mamachiuette. 


Subdiviflions  of  J.  Q.  Percival  and  W.  M.  Davis 
in  Connecticut. 


Chicopee  shales . 


Longmeadow 
sandstone 
and  included 
traps. 


Sandstone,  shale,  etc 

Hampton  diabase  (trap). 

Sandstone,  shale,  etc 

Hoi  yoke  diabase  (trap) . . 

Sandstone,  shale,  etc 

Talcott  diabase  (trap)  . . . 
Sandstone,  shale,  etc 


Sogarloaf  arkose 

Mount  Toby  conglomerate . 


Upper  sandstones,  including  also  Mount 
Toby  conglomerate  and  }mrt  of  Sagar> 
loaf  arkose. 

Posterior  trap  sheet. 

Posterior  shale. 

Main  trap  sheet. 

Anterior  shales. 

Anterior  trap  sheet. 

Lower  sandstone. 

Not  differentiated. 


DESCRIPTION  OP  ROCKS. 

Mount  Tcfyy  conglomerate.— This  is  a  coarse  conglomerate,  compKXsed 
of  fragments  of  slaty  rocks,  schist,  and  quartz,  ranging  from  2  inches 
to  4  feet  in  diameter,  which  forms  a  narrow  band  along  the  eastern 
border  of  the  Triassic  area  in  Massachusetts,  extending  from  the  Bos- 
ton and  Albany  Railroad,  near  Ellis,  southward  to  the  State  line,  and 
on  the  same  side  from  a  point  just  north  of  Amherst  to  the  extreme 
northern  end  of  the  area.  It  has  not  been  differentiated  in  Connecti- 
cut, but  undoubtedly  extends  along  the  eastern  border  in  at  least  the 
northern  portion  of  the  State. 

Sugarloqf  arkose  {''Lower  8andsto7ie^^  of  Davis  in  part). — This  is  a 
coarse  buff  to  pale  red  sandstone  or  conglomerate,  made  up  largely  of 
granite  fragments  that  were  derived  from  rocks  lying  farther  west. 
It  forms  the  western  border  of  the  Triassic  area  in  Massachusetts, 
and  bends  around  and  forms  the  eastern  border,  except  where  it  is  sep- 
arated from  the  crystalline  rocks  by  the  Mount  Toby  conglomerate. 
It  is  the  equivalent  of  the  conglomeratic  portions  of  the  ''  Lower  sand- 
stone" of  Connecticut,  where  the  latter  rests  in  contact  with  the 
western  border  of  the  area. 

Longineadow  sandstone  and  its  Connecticut  equivalents. — The  sand- 
stone occurs  as  a  broad  band  inside  of  the  Sugarloaf  arkose  belt.  It 
is  largely  of  the  red  or  brown  variety  of  sandstone,  known  as  brown- 
stone,  which  is  so  largely  quarried,  but  includes  many  thin  beds  of 
shale.  Interbedded  with  the  sandstone  are  also  thick  beds  of  traps, 
which  were  laid  down  as  lava  sheets  at  various  times  during  the  period 
when  the  sandstones  were  deposited.  The  Longmeadow  sandstone 
includes  the  nonconglomeratic  portion  of  the  lower  sandstones  of  Con- 
necticut, and  the  Anterior,  Posterior,  and  a  portion  of  the  Upper  shales 
or  sandstones  of  Connecticut. 
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hlMt  dlahtise  (^^\n  ieTHir  trapuhi^ei), — This  is  a  massive  dark -colored 
trap  that  ionns  an  important  feature  in  the  Connecticut  area,  where 
it  is  known  aft  the  A^^estern  trap  range,  }>ut  does  not  ent^r  Massachu- 
setts. It  IS  a  V>edded  sheet,  originally  formed  as  a  volcanic  flow  on  an 
old  surface  during  the  period  of  deposition  of  the  sandstone. 

Hiiyoie  diaha^e  {Jfam  fraj)  sheet). — This  is  a  dark,  dense  ti-ap  bed, 
several  hundred  feet  thick,  th^t  extends  with  a  few  breaks  from  the 
northern  to  the  southern  |)ortion  of  the  area.  liecausc  of  its  resist- 
ance to  erosion  it  forms  a  conspicuous  ridge,  frequently  called  a  moun- 
tain, as  at  Mount  Tom  and  Mount  Holyoke.  It  is  sometimes  known 
as  the  Eastern  trap  range.  Like  the  Talcott  diabase  it  was  laid  down 
as  a  surface  lava  flow. 

HampUm  duJba^e  {Posterurr  trap  slieet). — This  is  a  relatively  thin 
bat  at  the  same  time  persistent  sheet  that  extends  with  some  inter- 
ruptions from  near  Mount  Tom  on  the  north  to  Long  Island  Sound  on 
the  south.  It  does  not  commonly  give  rise  to  a  conspicuous  ridge. 
Like  the  preceding  sheets  it  was  a  surface  flow. 

Bhck  roiik  diabase. —This  is  a  diabase  which,  instead  of  flowing  out 
over  the  old  sandstone  surfaces,  was  forced  or  intruded  through  the 
sandstones  and  the  older  Holyoke  and  Hampton  traps  as  dikes  or  other 
igneous  masses.  It  is  found  only  in  the  region  southeast  of  the  Mount 
Tom  and  Mount  Holyoke  ridges  in  Massachusetts. 

Granfn/  tuff. — This  is  a  sandstone  or  conglomerate,  made  up  of  vol- 
canic debris,  possibly  derived  from  the  volcanic  eruptions  accompany- 
ing the  intrusion  of  the  Black  Rock  diabase.  Its  distribution  is  nmch 
the  same  as  the  latter. 

Intrusive  traps  in  Connecticut. — The  intrusive  traps  are  of  two  types — 
intrusive  sheets  and  dikes.  The  former  is  represented  by  the  impor- 
tant trap  sheet  that  was  injected  between  certain  of  the  lower  sand- 
stone beds  near  the  western  lK)rder  of  the  Triassic  area,  and  that 
extends  from  the  Massac*husetts  line  southward  for  nearly  20  miles, 
»nd  again  from  near  Southington  to  Now  Haven.  The  dikes  are  rep- 
resented by  smaller  and  more  isolated  masses,  having  approximately 
vertical  attitudes  cutting  across  the  bedding  of  the  sandstones. 

Chicopee  shale. — This  is  a  l)and  of  dark-gray  shaly  sandstone,  with 
.some  shales,  that  extends  along  the  Connecticut  River  from  Hol- 
yoke southward  into  Connecticut.  In  that  State  it  has  not  been 
differentiated. 

FAULTING. 

When  first  formed  both  the  sedimentary  beds  and  the  trap  sheets 
were  continuous  and  unbroken.  If  simply  tilted  and  subjected  to 
erosion  such  beds  would  give  rise  to  continuous  ridges,  but  in  reality 
the  latter  are  broken  and  their  component  parts  shifted  in  re\at\ou  U> 
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one  another.     This  shifting  is  due  to  movements  which  have  taken  < 
place  along  certain  lines  of  fracture,  and  which  in  some  regions  have  * 
broken  the  rcx^.ks  into  a  series  of  blocks  bounded  by  faults  and  known  . 
as   fault  blocks.     The   faults   are    abundant    in    the   Tria^ssic   area,  , 
both  in   Connecticut  and  in  Massac*husetts,  reaching  a  high  devel-  . 
opment  in  the  region  of  the  Hanging  Hills  of  Meriden.     In  direo-  . 
tion  they  commonly  run  from  northeast  to  southwest,  transversely  j 
to  the  strike  of  the  beds,  but  some  northwest-southeast  faults  occur. 
In  a  given  district  they  are  usually  parallel  to  one  another.     In  many  , 
places  they  are  separated  by  intervals  of  only  a  fraction  of  a  mile,  , 
the  result  being  the  subdivision  of  the  rocks  into  long  narrow  blocks 
slightly  offset  as  regards  one  another.     In  most  cases  thei'e  has  also 
been  much  movement  in  a  vertical  direction. 

In  these  dislocations  there  is  to  be  found  the  greatest  variation  in 
length  of  fault  line  and  amount  of  displacement.  At  one  end  of  the 
series  stand  the  small  local  faults,  which  can  be  traced  for  only  a  few 
feet  and  which  show  only  a  few  inches  of  slipping;  at  the  other  end 
ma}'  be  placed  the  great  fault  which  separates  the  Hanging  Hills  from 
Lamentation  Mountain.  This  fault  crosses  the  whole  lowland  from 
northeast  to  southwest,  penetrating  both  the  eastern  and  the  western 
uplands  and  having  a  total  length  of  about  40  miles.^  The  upthrow  is 
on  the  east  of  the  fault  line  and  is  so  great  that  the  lower  sandstones 
under  Lamentation  Mountain  abut  against  the  Posterior  shales  of  Cat- 
hole  Peak^,  the  most  eastern  member  of  the  Hanging  Hills.  The  fault 
gap  between  these  two  portions  of  the  main  trap  sheet  is  a  mile  across. 
Faults  of  considerable  movement  everywhere  leave  distinct  notches  in 
the  crests  of  the  various  trap  ridges.  At  these  points  erosion,  acting 
along  the  fault  line,  has  cut  deep  gorges,  some  of  which  reach  the 
dignity  of  passes,  flanked  by  long  slopes  of  rocky  talus  topped  by  per- 
pendicular cliffs.  Excellent  examples  of  these  fault  gaps  are  Cathole 
Pass,  between  Cathole  Peaks  and  Notch  Mountain,  and  Reservoir 
Notch,  between  Notch  Mountain  and  West  Peak,  both  in  the  Hanging 
Hills. 

Throughout  the  southern  half  of  the  Connecticut  area,  from  about 
the  latitude  of  Hartford  to  Long  Island  Sound,  the  faults  are  closely 
parallel,  and  run  from  northeast  to  southwest,  the  upthrow  always 
being  on  the  eastern  side.  As  a  combined  result  of  this  displacement 
and  subsequent  erosion  there  is,  as  we  proceed  southward,  a  constantly 
recurring  recession  of  the  outcrop  of  the  various  members  of  the 
series,  this  overlapping  arrangement  being  specially  well  developed  in 
the  vicinity  of  Meriden.  From  about  the  latitude  of  Hartford  north- 
ward to  the  Massachusetts  State  line  the  faults,  though  still  oblique  in 
chai*acter,  run  from  northwest  to  southeast.     The  upthrow  is  still  on 

a  Davis.  W.  M.,  The  Triassic  formation  of  Connecticut:  Eighteenth  Ann.  Kept.  U.  S.  Oeol.  Survey,  pt  2 
ism,  p.  100. 
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fethe  eastern  side  of  the  fault  lines,  so  that  there  is  still  a  tendency  to  an 
rr^^stward  recession  of  the  outcrops,  but  in  a  manner  the  reverse  of  that 
Which  is  seen  in  the  southern  portion  of  the  valley. 

In  the  Massachusetts^  area  the  faults  in  the  IViassic  are  fewer  and  of 
importance.  Faults  of  l)<)th  the  varieties  mentioned  occur,  an 
^11  l)e  seen  from  Professor  Emerson's  map/'  hut  they  produce  a  less 
•trikin^  effect  on  the  arrangement  of  the  chief  ridges  of  the  region. 

Certain  faults  are  suppOvsed  to  occur  in  connection  with  the  liound- 
%rfes  of  the  Triassic  both  in  Connecticut  and  Massachusetts,  princi- 
pallj  in  connection  with  the  eastern  boundary,  and  they  have  l>een 
indicated  on  the  map''  accomimnying  the  report  of  Professor  Davis. 

JOINTING. 

Jmnttng  hi  trapx. — Besides  the  faults  there  arc  certain  minor  lines  of 
i^gular  separation  which  demand  attentipn.     These  are  the  joints 
P:  irhich  exist  in  great  numbers  throughout  the  mass.     Every  ti'ap  ridge 
•  in  the  lowland  shows  them  in  a  remarkable  degree,  but  they  are  espe- 
cially prominent  in  the  mountains  of  the  main  range.     The  trap  sheets 
.  tte  divided  by  a  vast  nuniber  of  these  joints,  the  planes  of  which  run 
.  in  a  direction  generally  perpendicular  to  the  cooling  surface,  and  along 
these  planes  the  rock  splits  up  into  approximately  rectangular  blocks 
of  all  imaginable  sizes.     It  is  these  joint  planes  that  form  the  nearly 
1     verti(»l  western  faces  of  the  mountains,  and  in  cases  where  erosion, 
1     working  on  some  local  fault,  has  produced  an  escarpment  facing  east- 
ward, the  cliffs  actually  overhang.     Every  trap  eminence  of  any  con- 
siderable height  is  fronted  by  a  long  talus  of  broken  trap,  formed  of 
joint  blocks  of  all  sizes  which  have  fallen  down  from  the  cliffs  above. 
:     A  little  gorge  marking  the  line  of  a  small  fault  near  the  crest  of  West 
'     Peak  is  fairly  choked  with  slabs,  some  of  them  12  feet  square  and  sev- 
eral feet  thick,  which  have  been  derived  from  the  walls  of  the  gorge. 
On  the  top  of  Rattlesnake  Mountain  are  large  blocks  of  trap  that  have 
been  detached  along  joint  planes,  while  at  the  foot  of  Talcott  Moun- 
tain, on  the  line  of  the  old  Albany  turnpike,  lies  a  joint  block  as  large 
as  a  small  hoase.     The  blocks  range  from  this  size  down  to  an  inch 
square.     In  some  localities  the  joints  divide  the  trap  into  sheaves  of 
blade-shaped  fragments. 

Jointhig  /w  sedimentary  rocks, — Jointing  in  the  sedimentary  beds 
does  not  reach  the  highly  developed  condition  seen  in  the  trap  sheets. 
In  the  heavy  sandstones  at  the  great  brownstone  (juarries  at  Portland 
the  joints  are  on  a  large  scale  and  are  indispensable  aids  in  separating 
the  great  blocks  of  building  stone.     Yet  here  these  lines  of  fracture 

•  Bmenon.  B.  K.,  Geology  of  old  Hampehire  County,  MassachtisettH:  Mon.  U.  8.  Oeol.  Survey,  vol. 
»,  PI.  XXXIV. 
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are  potential  rather  than  actual.  In  the  shales  the  joints  become  much 
more  numerous  and  may  be  regarded  as  universal.  In  the  city  stone 
pits  near  Trinity  College  at  Hartford  the  Posterior  trap  has  heea 
removed  for  road  meUil,  leaving  broad  sheets  of  Posterior  shale, 
marked  with  ripple  marks  and  mud  cracks,  exposed  to  view.  One 
looking  down  upon  this  floor  from  the  top  of  the  cliflT  may  see  two  sets 
of  joint  cracks  that  cross  each  other  at  an  angle  of  about  60  degrees 
and  divide  the  mass  into  lozenge-shaped  sections.  Working  along  these 
two  sets  of  joint  planes  and  the  plane  of  the  bedding,  the  quarrymen 
remove  blocks  of  shale  averaging  about  a  foot  square  and  6  to  8  inches 
thick,  which  are  used  as  the  foundation  rock  in  the  construction  of  the 
streets.  Joint  blocks  in  this  shale  may  be  extremely  variable  in  size, 
and  are  often  not  over  an  inch  in  any  dimension.  An  examination  of 
almost  any  mass  of  shale  throughout  the  lowland  will  show  that  the 
jointing  seen  in  this  quarry  is  typical. 

Although  jointing  in  the  sediments  does  not  produce  such  striking^ 
results  as  in  the  trap,  yet  the  joints  themselves  extend,  the  writer 
believes,  to  much  greater  distances,  lK)th  vertically  and  horizontally, 
in  the  sedimentary  than  in  the .  igneous  rocks.  Apparently  they  f re- 
quentl}'  become  actual  fissures  in  the  deep  rocks  and  have  a  profound 
effect  on  the  water  supply,  as  will  be  shown  later. 

GLACIAL   AND    RECENT   DEPOSITS. 

The  entire  Triassic  area  has  been  subjected  to  the  action  of  the  ice 
sheets  that  passed  over  the  region  in  Pleistocene  times.  The  outlines 
of  the  harder  ridges  have  been  softened  and  the  softer  rocks  have  been 
worn  away  in  many  places  b}^  the  scouring  action  of  the  ice.  Deposits 
of  till  were  formed  beneath  the  sheet  and  now  remain  in  the  shape  of 
the  well-known  hardpan,  while  gravel  and  sand  deposits  were  formed 
as  terraces  or  valley  fillings  by  the  glacial  streams  throughout  the 
region.  Since  these  deposits  were  laid  down  much  material  has  been 
carried  from  them  by  streams  and  redeposited  to  form  the  present 
flood  plains. 

The  presence  of  drift  over  the  region  is  of  great  importance  to  the 
water  supply.  If  the  bare  surfaces  of  the  rocks  were  exposed  the  water 
would  run  oflT  rapidly  instead  of  being  absorbed,  but  the  glacial  depos- 
its, especially  the  sands  and  gravels,  hold  in  storage  large  quantities 
of  water,  which  is  thus  kept  in  contact  with  the  underlying  sand- 
stones, by  which  the  water  is  continually  being  absorbed. 

WEIiliS  OF  THE  CONNECTICUT  VAL.L.ET  liOWIiAND. 

Although  there  are  few  flowing  wells  in  the  Triassic  area  there  are 
many  wells  from  which  water  is  pumped,  and  some  of  these  would 
yield  a  supply  much  in  excess  of  the  capacity  of  the  pumps  that  are 
used  in  tbem. 
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In  the  description  of  wells  which  follows  an  attempt  is  made  to 
present  data  bearing  upon  the  occurrence,  volume,  and  quality  of  the 
water.  Most  of  the  records  were  gathered  several  years  ago,  but  the 
trea  is  fairly  well  covered  and  the  information  is  comprehensive.  In 
interpreting  the  figures  due  weight  should  be  given  to  the  source  of 
information.  Depths  reported  by  drillers  are  likely  to  be  more  accu- 
rate than  those  furnished  by  owners,  but  on  the  other  hand  the  quan- 
tity is  more  likely  to  be  accuratel}^  stated  by  the  owner.  The  reports 
of  both  owner  and  driller  as  to  quality  are  likely  to  be  more  optimistic 
than  the  facts  warrant,  but  the  use  to  which  the  water  is  put — or, 
better,  the  uses  to  which  it  is  not  put — usually  gives  a  clue  to  its 
actual  character. 

The  records  are  far  from  uniform  in  the  character  of  the  points  pre- . 
sented,  certain  features  that  are  of  special  interest  and  consequence  in 
one  well  being  of  little  interest  in  another,  which  may  show  an  entirely 
different  set.  The  greater  abundance  of  the  records  in  the  vicinity'  of 
the  towns  along  the  center  of  the  area  makes  the  data  in  such  situa- 
tions more  complete  than  for  the  outlying  portions,  but  the  value  of 
the  data  presented  for  wells  in  the  outlying  regions  is  probably 
greater.  Data  relating  to  wells  that  were  failures  are  especially  diffi- 
cult to  obtain  from  either  owner  or  driller.  The  driller  especially  is 
loath  to  give  details  which  might  tend  to  discourage  further  drilling. 
This  is  unfortunate,  as  perhaps  fully  as  much  information  as  to  the 
actual  underground  conditions  is  afforded  by  the  dry  holes  as  by  the 
successful  wells. 

WELLS  ENTERING  THE  ROCK. 

The  typical  v/ells  of  this  area  are  those  which  are  sunk  for  the 
greater  part  of  their  depth  in  the  rock,  but  a  short  list  of  wells  of  the 
drift,  including  those  which  lie  in  unconsolidated  deposits,  generally 
of  glac*ial  origin,  overlying  the  Trijissic  rocks  is  also  given.  Certain 
of  these  wells  are  distinctly  interesting,  as  their  water  suj)ply  seems 
to  depend  not  on  the  arrangement  of  the  deposits  in  which  they  are 
located,  but  on  the  conformation  of  the  surface  of  the  rocks  which  lie 
below. 

WELLS  IN   MASSACHUSETTS. 
NORTHAMPTON. 

Nf).  J.  Bddlf}^  Brothers^  Silk  Coiapany, — This  well  is  in  its  way  the 
most  remarkable  in  the  valley,  as  it  was  carried  to  the  great  depth  of 
3,7W  feet  without  striking  water.  Mr.  E.  F.  Crooks,  writing  for  the 
company,  stjite^  that  at  the  "depth  of  150  feet  the  drill  entered  sand- 
stone or  conglomerate  rock  which  did  not  change  at  any  time  down  to 
3,7CH)  feet."  Professor  Emerson  classes  the  rocks  which  underlie 
Northampton  as  Sugarloaf  arkose  and  ^ives  a  list  of  the  beds  Irav^t^^^ 
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in  drilling  this  weil.^  It  seenivS  probable  that  this  well  was  diira 
through  a  water-bearing  stratum  at  the  point  where  it  enters  th 
roek,  since  a  shallower  well  sunk  by  the  same  company  to  the  rock, 
within  a  few  feet  of  the  former  well,  draws  good  water  from  thit 
depth.  This  second  well  will  be  referred  to  again  among  the  wdlsof 
the  drift.     The  dry  well  is  8  inches  in  diameter. 

SOUTH   HADLBY   FALLB. 

A^o,  2,  Safbs  Softci  Cluh. — At  the  clubhouse  of  this  organization  ifit  | 
private  well  74  feet  deep  and  (>  inches  in  diameter,  entering  the  Long- 
meadow  sandstone  at  a  point  10  or  15  feet  below  the  surface  of  the 
ground.     The  water,  which  is  of  medium  hardness,  supplies  all  needs 
of  the  clubhouse.     The  well  is  pumped. 


'NoH,  3  and  J^.  Auurrt^'txn  Writimj  Paper  Cmnpany  {Alhion  Paper 
Company  Division). — These  two  wells,  which  are  identical  in  detail, 
are  720  feet  deep  and  have  a  diameter  of  8  inches.  The  water  rises 
within  14  feet  of  the  surface,  from  which  point  it  is  pumped.  Eidi 
well  3' ields  450  gallons  a  minute  throughout  the  twenty-four  hours  of 
the  day,  the  water  being  slightly  tinged  with  iron  and  not  used  in 
boilers.  The  wellf>  enter  the  Chicopee  shale  about  50  feet  below  the 
surface. 

No,  5.  Holyoke  Cold-Stfynnje  and  Provision  CmnjHiny, — This  well  is 
over  500  feet  deep,  has  a  diameter  of  3i  inches,  and  has  its  bottom  in 
the  Chicopee  shale.  The  water,  which  has  been  analyzed,  can  be  used 
in  boilers,  })ut  is  emploj^ed  mostl}-  for  refrigerating  purposes.  The 
water  is  pumped  at  the  rate  of  20  to  25  gallons  a  minute. 

No.  6.  Piverside  Paper  (\>nipany, — A  well,  concerning  which  no 
data  could  be  obtained,  was  drilled  by  this  company,  but  was  aban- 
doned because  of  the  mineral  matter  contained  in  the  water. 

WILLIMANSKTT. 

No.  7.  TIamden  Brewing  Cmnpany. — This  well  is  112  feet  deep  and 
has  a  diameter  of  4  inches.  It  is  sunk  pai-tl}'^  in  rock,  which  is  appar- 
ently Chicopee  shale.  The  well  is  pumped  at  the  rate  of  60  barrels  an 
hour — that  is,  about  40  gallons  a  minute — without  lowering  the  level  at 
which  the  water  stands.  The  water  has  been  analyzed  and  is  too  hard 
to  be  used  in  boilera. 

LUDLOW. 

No.  8.  Lxidlow  Manufacturing  CoinjHiny. — This  well  is  150  feetdeep 
and  has  a  diameter  of  8  inches  for  the  tirst  50  feet,  below  which  it  is 
reduced  to  6  inches.     After  passing  through  6  feet  of  made  land  the 

aEmenon,  B.  K.,  Geology  of  old  Hampshire  County,  MaaBachusetts:  Mon.  U.  S.  Ueol.  Survey,  toL 
29, 1898,  pp.  886-888. 


'■TTWCHON]     DRILLED  WELLS  OF  OONWBCTICUT  VALLEY  LOWLAND.       77 

«re11  Kes  for  Uie  rest  of  its  depth  in  rock,  which  is  mapped  as  Sugarloaf 
Rrkose.  The  water  level  is  about  21  feet  below  the  surface,  but,  when 
tbe  well  is  pumped  at  the  rate  of  20  gallons  a  minute,  the  level  drops 
'fco  a  point  20  feet  lower.  The  water  is  called  medium  hard,  but  can 
not  be  used  in  boilers. 

CHKX)PEE   FALLS. 

No.  0.  Overman  Wheel  Company, — This  well  is  476  feet  deep  and  6 
finches  in  diameter,  the  lower  175  feet  lying  in  the  Chicopee  shales. 
\,  Tbe  well  was  drilled  to  obtain  water  for  drinking  purposes  only  and  it 
£  .lopplied  all  the  employees  of  the  big  establishment  abundantly.  It 
r  TH8  found,  however,  that  the  water  was  so  full  of  mineral  matter  that 
\  it  had  a  purgative  effect  on  those  who  drank  it  and  now  its  use  is 
wholly  discontinued.     The  water  has  been  analyzed. 


BRIGHTWOOD. 


JTo.  10,  Springfield  Rendering  Company. — This  well  was  unfinished 
when  the  locality  was  visited  in  July,  1900.  It  was  drilled  by  Messrs. 
King  &  Mather,  of  Hartford,  who  very  kindly  furnished  the  data  con- 
cerning it  on  the  completion  of  the  work,  a  few  weeks  later.  The  well 
is  800  feet  deep  and  has  a  diameter  of  6  inches.  It  pumps  150  gallons 
a  minute  and  meets  the  demands  made  upon  it — 90,000  gallons  for  a 
working  day  of  ten  hours.  The  water  when  analyzed  proved  to  be 
wifficiently  pure  for  use  in  boilers.  It  is  sunk  59  feet  through  earth, 
fte  remainder  being  in  the  Chicopee  shale. 
Nm.  11  and  W.  Springfield  ProvUUm  Company.  -T\\\s  company 
^  has  two  wells,  concerning  which  there  is  some  uncertainty  as  to  depth 
r  ind  diameter.  They  are  only  a  few  hundred  feet  south  of  the  well 
[  jiwt  mentioned,  and  it  is  a  matter  of  no  small  interest  to  note  the  great 
difference  in  the  character  of  the  water.  Well  No.  11  has  a  depth  of 
160(?)  feet  and  a  diameter  of  6(?)  inches,  and  pumps  150  gallons  a 
minute  without  being  pumped  dry.  No.  12  has  a  depth  of  300(?)  feet 
»nda  diameter  of  6(?)  inchas,  pumps  300  gallons  a  minute,  and  has 
wver  failed.  Both  wells  enter  the  Chicopee  shale  at  a  depth  of  60 
feet  The  water  of  these  wells  has  been  analyzed.  It  is  too  hard  for 
hoilers,  and  can  not  even  be  used  for  drinking,  because  of  the  mineral 
inatter  it  contains. 

SPRINGFIELD. 


iT 


No.  13.  Springfield  Cold  Storage  Company. — This  well  is  325  feet 
deep  and  8  inches  in  diameter,  290  feet  of  its  depth  lying  in  the  Chico- 
pee shale.  The  company  has  also  a  shallower  well,  35  feet  deep,  which 
would  bring  it  down  to  the  surface  of  the  rock.  The  two  wells 
together  yield  30  gallons  a  minute  to  the  pump.  The  water  is  not  fit 
for  boilers,  and  is  used  only  for  condensing  purposes. 

Nos.  IJ^  15^  and  16.  Springfield  BreiJoimj  Company. — No.  14  is  100 
feet  deep  and  4  inches  in  diameter.    The  pump  renders  150  gallons  a 
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ininiite.     The  analysis  shows  that  the  water  carries  considerable mu-j 
era!  matter. 

No.  15  is  identical  in  every  respect  with  No.  14. 

No.  16  is  300  feet  deep,  4  inches  in  diameter,  and  yields^nly  Ml 
gallons  a  minute.  The  water  is  poor  in  quality,  and  is  used  only  foi  | 
washing  purposes. 

All  of  these  wells  are  pumped.     The  water  is  not  used  for  boileis  ^ 
as  the  city  water,  which  is  very  satisfactory,  is  already  in  use.    Wdh  , 
Nos.  14  and  16  go  only  to  the  rock,  and  are  therefore  to  be  reckonai 
among  the  wells  of  the  drift,  under  which  head  they  will  be  mentionel 
again. 

No.  17.  Morgan  Envelope  Company. — This  well  was  originally  2U 
feet  deep  and  flowed  at  the  surface  at  the  rate  of  7  gallons  a  minute 
It  was  afterwards  sunk  to  825  feet,  but  there  was  no  gain  in  the  wif- 
ply.  A  deep- well  pump  was  then  put  in  at  a  depth  of  nearly  200  feet, 
and  a  supply  of  25  gallons  a  minute  is  now  obtained.  The  well  mm 
for  "60  feet  through  dirt,  clay,  hardpan  with  gravel,'-  and  then  for 
''265  feet  in  sandstone  rock."  This  rock  is  apparently  the  Chioopee 
shale.  The  water  has  been  analyzed  and  proves  to  be  a  very  good 
drinking  water,  though  hard.  In  a  working  day  of  10  hours  from 
5,000  to  6,000  gallons  are  commonly  used.  The  diameter  of  the  well 
is  6  inches. 

No,  IS,  fGhf}e  Brothers  Company,  candy  mannfacturers. — This  well 
is  252i  feet  deep,  6  inches  in  diameter,  and  pumps  25  gallons  a  minute— 
the  capacity  of  tho  pump.  An  analysis  of  the  water  made  at  AmhenI 
C'ollege  showed  that  it  conbiins  only  a  small  amount  of  solid  matter. 
It  is  not  used  for  }K)ilers,  })ut  is  employed  in  the  making  of  candy  and 
for  drinking  pur|)oses.  The  well  runs  first  through  about  40  feet  of 
clay,  tho  balance  being  in  *' sandstone" — prolmbly  Chicopee  shale. 

No,  19,  FUJce  ManufactiiruHj  Com /Kin  y,  —The  well  of  this  company 
is  365  feet  deep  and  4  inches  in  diameter.  It  is  pumped,  but  the 
amount  of  water  obtained  is  unknown.  The  water  has  been  analysed 
and  is  not  used  in  boilers.  About  two-thirds  of  the  well  lies  in  rock, 
prolmbly  the  Chicopee  shale. 

Though  the  map  indicates  that  many  of  the  foregoing  wells  are  sunk 
in  the  Chicopee  shale,  they  nevertheless  lie  very  close  to  its  contact 
with  the  eastern  area  of  Longmeadow  sandstone.^  This  will  pe^ 
haps  account  for  the  "sandstones"  noted  in  the  original  records 
furnished. 

NoH.  W  and  21.  Highland  Breming  Company. — These  wells  ai-e  used 
by  the  Highland  branch  of  the  Springfield  Breweries  Company.  Na 
20  is  424  feet  deep,  of  which  alK)ut  365  feet  are  in  rock.  Its  diameter 
is  10  inches.  It  pumps  80  gallons  a  minute,  the  water  rising  to  within 
30  feet  of  the  surface. 

a  See  map  acoompanying  Professor  EmeiBon's  monograph. 
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No.  21  is  200  feet  deep,  of  which  about  160  feet  are  in  rock.  Its 
iameter  is  8  inches.  It  pumps  60  gallons  a  minute,  the  water  rising 
«  within  15  feet  of  the  surface. 

Both  of  these  wells  yield  water  of  excellent  quality,  which  can  be 
Bled  in  })oilcrs.  The  brewery  stands  upon  the  terraces  b'ing  east  of 
Connecticut  River  and  in  consequence  is  about  100  feet  above  the 
Iwel  of  the  Springfield  wells  previously  mentioned,  which  are  pretty 
doee  to  the  east  bank  of  the  river.  The  rock  underlying  this  por- 
(km  of  the  town  is  mapped  by  Professor  Emersop  as  Longmeadow 
Mndstone. 

No.  22,  Joseph  H,  Wesson^  IS  Federal  street.— Thxn  well  is  276  feet 
deep  and  6  inches  in  diameter.  No  estimate  could  be  obtained  of  the 
^pantity  yielded,  except  that  the  pump  would  ''furnish  a  1-inch 
•beam  con8tantl3\'*-  "The  water  is  used  only  for  drinking,  but  is  pro- 
loanced  good  for  boilers  by  Professor  Wood,  of  Harvard."  One 
kndred  and  fifty -one  feet  of  the  well  lie  in  rock  which  is  presumably 
Xongmeadow  sandstone. 

Professor  Emerson's  monograph"  contains  a  number  of  valuable 
items  concerning  the  water  supply  of  the  Triassic  area.  Notes  relating 
to  several  of  the  wells  mentioned  by  him  are  subjoined. 

OTHER  VfmAA  IN  TRIASSIC   AREA   IN   MASSACHUSETTS. 

No.  23.  Daniel  Brothers^  paper  mill. — This  mill  is  on  Westfield 
Little  River,  south  of  Westfield.  The  well  was  carried  to  a  depth  of 
1,100  feet,  but  proved  unsuccessful  and  is  now  closed  up.*  The  rock 
•tthis  locality  is  Sugarloaf  arkose.  It  is  an  interesting  and  suggestive 
feet,  as  has  been  remarked  before,  that  the  only  wells  in  the  lowland 
which  have  been  carried  to  exceptional  depths,  merely  to  meet  with 
failure,  have  l)een  sunk  in  this  rock. 

No.  24^  MfjufU  Holyoke  College.,  South  Iladley. — This  well  was  car- 
ried to  a  depth  of  450  feet  in  Longmeadow  sandstone,  the  full  record 
of  the  borings  being  given  by  Professor  Emerson.^  The  water,  when 
inalyzed,  was  found  to  contain  conunon  salt  in  large  amount. 

No.  25,  Montagxie  Paper  Cmnpany  at  Txiniers  Falls. — This  well 
WIS  carried  to  a  depth  of  876  feet  in  Longmeadow  sandstone.  The 
reoord  of  the  borings  is  given  by  Professor  Emerson.^  The  appended 
uialysis  of  a  sample  from  the  well  shows  that  the  water  has  nearly  the 
mnposition  of  bittern.^ 

a  Mon.  U.  S.  Geol.  Survey,  vol.  29. 
frn)id.,  p.  889. 
0n>id.,  p.  382. 
dibld.,  pp.  380-381. 
«Ibid.,  p.  750. 
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Analym  of  deep  tvell  water  at  Turners  FallSf  Mass,  u  V  l 

[C.  A.  Ooessman,  analyst,  1874.]  ?^ 

Parte  per  mffihft^^^ 

Potassa 6 

Soda 51         ^^ 

Magnesia 63          t- 

Lime 633          _ 

Chlorine 6 

Sulphuric  acid 996 

Silicon Trace. 

Total 1,755 

Other  wells. — Other  wells  mentioned  are  two  of  the  Parsons  PtLpetP" 
Company,  of  Holyoke,  which  reached  depths  of  510  feet  and  685  feet^^' 
i-espectively.^ 

WELLS  IN   CONNECTICUT. 
THOMPSONVILLB. 

iVb.  ^6.  Connecticut  VaUey  Brewing  Company. — This  well  is  52  feet, 
deep  and  6  inches  in  diameter,  having  40  feet  of  its  depth  in  the  roeki^'^ 
The  water  rises  within  7  feet  of  the  top,  a  good  many  feet  above  tiM?* 
level  of  the  Connecticut  River,  which  is  only  a  stone's  throw  awayi;'* 
The  pump  raises  31  gallons  a  minute,  which  lowers  the  well  8  feet,  bai^' 
no  farther.  The  water  is  moderately  hard,  has  been  used  in  boilers,^^ 
and  keeps  a  uniform  temperature  of  51°  F,  the  year  round. 

No.  97.  Isaac  AUen^  Enfield  street. — This  is  a  private  well,  67  feel^ 
deep  and  6  inches  in  diamater.     It  is  sunk  50  feet  in  rock,  the  last  8 
feet,  it  is  said,  being  in  granite — a  manifest  impossibility.     Mr.  Allen 
states  that  a  spring  of  soft  water  was  struck  at  a  depth  of  about  46  ^ 
feet  and  a  spring  of  hard  water  at  the  bottom,  the  mixture  making  an  ' 
excellent  drinking  water.    The  well  furnishes  more  than  double  Uie  ^ 
quantity  of  water  that  can  be  used  in  house  and  barn.     The  water  is 
45  feet  deep  in  wet  weather  and  30  feet  in  dry.    The  temperature  is 
52°  F. 


Nos.  28  amd  29.  Town  loater  supply  of  Suffield.—  Thes^  wells  are 
owned  by  Paulus  Fuller.  No.  28  is  230  feet  deep  and  has  a  diameter 
of  6  inches,  and  No.  29  is  240  feet  deep  and  has  a  diameter  of  8  inches. 
These  two  wells  together  pump  at  the  rate  of  300  gallons  a  minute 
into  a  standpipe  containing  293,000  gallons.  The  water  rises  within 
about  60  feet  of  the  surface  and  is  rather  highly  mineralized.  It  can 
be  used  in  boilers,  however,  but  gives  some  scale.  The  wells  enter 
rock  about  10  feet  below  the  surface  of  the  ground. 

No.  30.  Public  well,  Suffield  ViU^f/e.—ThG  depth  of  this  well  is  140 
feet  and  its  diameter  is  6  inches.    The  water  stands  about  90  feet  below 


0  8^  Moa.  U.  S.  Oeol.  Survey,  vol.  29,  pp.  38^-885,  where  a  full  T^Qord  of  th^  borings  is  given. 
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the  surface  and  is  raised  by  a  common  force-pump.     It  is  used  f 
drinkbg  purposes  only. 

Mditurnal  Siiffield  wells. — ^The  wells  tabulated  })elow  are  6  inches 
dkineter  and  are  in  greater  part  in  rock.  The  data  were  furnished  1 
Mr.  C.  L.  Grant,  well  driller. 


Scml 
Si. 


311 
32- 
33  > 

^1 


Owner. 


F.AFnller 

A.  C.  Harmon 

Second  Baptist  Church . 
M.  T.  Newton 


Depth  of 
well. 


40 
45 
60 
63 


Depth  of 
water. 


FeeL 
34 
39 
47 
49 


Yielc 
mmul 


GaUon 


WB9T  S17FFISLD. 

No,  S5.  West  Nuffield  Hold, — This  well  is  78  feet  deep  and  4  inch 
in  diameter,  and  pumps  50  ^llons  of  moderately  hard  water  a  niinut 
Hie  water  is  said  to  have  grown  harder  since  the  well  was  sun 
About  50  feet  of  the  well  is  in  rock. 

No.  36.  Mrs.  John  D.  Loomis. — Depth,  10()  feet;  diameter,  4  inchc 
yield,  4  to  5  gallons  a  minute.  Almost  no  water  was  found  until 
depth  of  nearly  95  feet  was  reached. 

TARIPFVILLB. 

NfK  37.  A.  B.  Hendryx. — Depth  of  well,  284  feet;  depth  of  wate 
278  feet;  yield,  48  gallons  a  nimute.  Greater  part  of  well  is  in  roc 
Data  furnished  bj'^  C.  L.  Grant,  well  driller,  of  Hartford. 

BLOOM  FIELD. 

3v^.  38.  DoufjloHi  ik  Cowles. — Depth,  1(K)  feet;  diameter,  H  inchc 
Well  flows  at  the  surface.  Greater  part  of  well  is  in  rock.  No  da 
of  vield  given.     Data  furnished  by  Grant. 


No.  39.  Windsor  Water  Company. — Depth  of  well,  386  feet;  dep 
of  water,  326  feet;  diameter,  6  inches.  The  pump  yields  30  gallons 
minate,  which  lowers  the  water  5  feet.  The  series  through  which  tl 
well  was  sunk  is  as  follows:  Sand,  17  feet;  clay,  56  feet;  hard  ri 
eravel,  60  feet;  the  remainder  in  sandstone  with  the  exception  of  tv 
layers  of  slate.  Four  analyses  of  the  water  have  ]>ecn  made,  accor 
inc  to  which  it  ranges  from  niodoratcly  liiiid  to  excessively  hard. 
would  seenJ  that  the  water  is  extremely  free  from  organic  impuritic 
but   bows  sii/phate  of  lime  to  the  extent  of  51M)  parts  to  the  millio 
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It  is  oxtreiiiely  hard  to  the  soap  test.     When  first  dmwn  the  water  is 
said  to  give  off  a  strong  odor  of  sulphur. 

No.  40,  ChrlMUitmm  Brothers ^  Wthtyn  Station, — Depth,  113  feet;  | 
diameter,  6  inches;  yield,  50  gallons  a  minute.  The  well  was  drilled 
in  the  ))ottom  of  an  old  oi>en  well  and  lies  in  the  roc*k.  The  water  is 
good  onl}-  for  drinking  and  garden  use.  It  is  said  that  when  the  well 
was  first  drilled  the  water  had  a  very  strong  odor,  which  disappeared 
after  the  well  had  lieen  used  a  while.  Data  furnished  by  King  and 
Mather. 

No.  III.  Misses  Crompton.,  Windsor  Heights. — One  hundred  and  forty 
feet  deep,  but  of  small  diameter.  The  water,  which  is  raised  by  t 
pump,  is  of  medium  hardness.  About  500  gallons  per  week  is  the 
ordinary  consumption.     The  bottom  of  the  well  is  in  rock. 

No.  I2.  Dr.  IL  J.  Fish,  Windsor  Heights.— Ahowt  135  feet  deep 
and  of  small  diameter.  The  water  is  pumped  and  hardly  supplies  the 
needs  of  the  house  and  barn.  It  is  of  medium  hardness,  much  softer 
than  that  of  the  neighboring  surface  well.  The  well  wa.s  originally  85 
feet  deep,  but  was  always  more  or  less  turbid.  It  was  then  deepened 
and  the  trouble  disappeared.  It  enters  the  rock.  For  analysis  see 
No.  7,  table  on  pages  108-109. 

No.  4;3.  a  D.  J?^W.— Depth  of  well,  101  feet;  depth  of  water,  89 
feet;  diameter,  6  inches;  yield,  25  gallons  a  minute.  Greater  portion 
lies  in  rock.     Data  furnished  by  Grant. 

HARTFORD. 

No.  i4,.  Iluhert  Fischi-r  Eventing  Company. — This  well  is  500  feet 
deep  and  has  a  diameter  of  S  inches.  The  water  rises  to  the  surface  of 
the  engine-room  floor,  and  is  pumped  at  the  nite  of  75  gallons  a  minute. 
There  is  a  difference  of  opinion  as  to  whether  the  water  is  suitable  for 
boilers.  The  well  is  drilled  in  the  Upi)er  sandstones,  but  unquestion- 
ably pierces  the  Posterior  trap  sheet,  which  outcrops  at  no  great  dis- 
tance to  the  west. 

Nos.  Ii5,  Ifi^  i7,  JiS^  and  49.  Hartford  Light  and  Power  Cwn-pany.— 
The  wells  of  this  company  all  lie  in  the  rock.  The  data  were  furnished 
by  Mr.  Grant,  who  drilled  them. 

Data  coticeniing  ivells  of  Hartford  Light  ami  Power  Company. 


Serial  No. 


Depth. 

Yield  per 
minute. 

Fret. 

Gallons. 

2(H) 

120 

228 

150 

201 

120 

200 

150 
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The  &\K)ve  wells  are  all  6  inches  in  diameter.  Tlie  deeper  well 
descrilirtl  \^\ow  has  {greatly  diminished  the  Kiipply  of  the  earlier  wells 
enuDjerated  :Ok>vo.  The  diita  concerning  this  fifth  w(»ll  (No.  49)  are 
V  follows: 

Depth,  ft20  feet;  diameter,  12  inches.  The  meter  has  shown  a 
capucity  of  125  gallons  a  niinnte.  The  well  is  pum{)ed  and  gives  a 
more  copious  supply  of  water  in  rainy  weather  than  in  dry.  The 
wtter  18  very  hard  from  sulphate  of  lime  and  can  not  }>e  used  in  boilers, 
but  is  employed  for  condensing.  The  well  lies  in  rock.  These  wells 
tre  said  to  have  seriously  depleted  the  supply  of  water  in  the  well  of 
the  neighboring  Plimpton  Company. 

Xo.  50.  Citpewell  Horseiiail  Company. — This  well  was  drilled  by 
Mr.  C.  L.  Grant,  who  furnished  the  following  data:  Depth,  250  feet; 
diameter^  8  inches.  The  well  is  in  rock  and  flows.  Elisha  Gregory, 
t  well  driller  of  New  York  City,  states  in  his^Torjxido  Circular" 
tfatt  the  well  was  torpedoed  by  him  at  a  latter  date  and  that  as  a  result 
the  yield  of  the  well  was  increased  from  15  gallons  a  niinuti^  to  35 
gillons.  It  is  reported  that  the  quality  of  the  water  was  injured  by 
the  proc"e.ss.  Inquiry  at  the  oflice  of  the  company  shows  that  at  last 
accounts  the  water  was  not  used  for  anything,  so  hejivily  is  it  charged 
with  mineral  matter.     For  analysis  see  No.  3,  table  on  pages  108-109. 

Xo.  51.  Pattet\! H  dyeing  and  carpet-deanlng  entahll^hmcnt. — Depth, 
llu  feet;  diameter,  0  inches;  yield,  150  gallons  a  minute  (data  furnished 
by  Cirant).  The  amount  which  is  ordinarily  pumi>ed  is  al)out  70  gallons 
a  minute.     The  well  lies  in  the  rock.     The  water  is  unfit  for  boilers. 

Xo.  5'ji.  Hopkhm  cfe  Company^  hreii^trry, — Depth,  200  feet;  diameter, 
6  inches:  yield,  00  gallons  a  minute  (data  by  (irant).  Tht»  ordinary 
yield  of  the  well  is  25  gallons  a  minute  and  it  flows  if  left  standing. 
The  water  is  too  hard  for  boilers. 

Xo.  53.  Nt^n  England  Brencing  Conijxmy. — Depth,  4r>2  feet;  diam- 
eter, 10  inches.  The  ordinary  yield  to  the  pump  is  350  gallons  a  min- 
ute, but  400  gallons  a  minute  have  been  pumped  without  making  any 
apparent  impression  on  the  well.     The  watt»r  is  too  hard  for  ])oilers. 

Xo.  54.  Coluinhia  Brewing  Company— This  was  formerly  the  Iler- 
old  Capitol  Brewing  Company.  Depth,  300  feet;  diameter,  (>  inches; 
yiehl,  250  gallons  a  minute  (data  by  Grant).  The  amount  of  water 
pumi)ed  for  common  use  is  about  80  to  9i)  gallons  a  minute.  The 
water  is  too  hard  for  boilers. 

Xo.  00,  Armour  cfe  Company. — Depth  below  grade,  430  feet;  actual 
iiepth  below  floor  of  basement,  420  feet;  diameter,  0  inches.  The 
water  flows  about  1  inch  over  the  top  of  the  pipe  when  allowed  to 
!*tand.  which  brings  the  water  level  al)ove  the  surface  of  a  large  part 
of  the  nei^hl>oring  land.  The  ordinary  yield  is  al)ont  150  gallons  a 
minute  throughout  the  twenty-four  hours,  but  a  much  larger  ^leVvSi 
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could  he  obtained  if  desired.  At  the  time  these  data  were  obtained  no 
report  had  been  received  on  the  sample  of  water  sent  for  analysis. 

No.  50.  Tjytig  Brothers  A/>^^/.— Depth,  2(H)  feet,  of  which  186  feet 
are  in  the  rock.  Diameter  of  the  portion  which  is  in  the  rock,  6  inches. 
The  well  is  pumped  and  yields  a  maximum  supply  of  35  gallons  a  min- 
ute. The  water  is  too  hard  for  boilers  or  for  laundry  work,  but  it  b 
claimed  that  its  quality  is  steadily  improving. 

No.  67.  Brady  Brothers,  hottlers.—De;pth,  277  feet,  of  which  244 
feet  lie  in  the  rock.  Diameter,  6  (?)  inches.  The  well  will  yield  S5 
gallons  a  minute,  but  the  amount  usually  pumped  is  9  gallons  a  min- 
ute. The  water  has  never  been  tried  in  boilers,  but  is  used  for  mak- 
ing all  kinds  of  soft  drinks.  At  times  it  becomes  clouded,  but  in  a 
few  days  it  clears  again. 

The  above  data  were  obtained  from  Brady  Brothers. 

No.  58.  Brady  Brothers. — Mr.  Grant  reports  the  following  data 
concerning  a  well  drilled  for  Brady  Brothers,  which  is  probably 
another  than  the  one  just  described:  Depth,  159  feet;  diameter,  6 
inches;  yield,  29  gallons^a  minute. 

No  59.  ''Allyn  ITaust.''— Depth,  318  feet,  of  which  288  feet  are  in 
rock.  Diameter,  4^  inches;  yield,  60  gallons  a  minate.  The  ordinary 
consumption  for  eighteen  hours  is  30,000  gallons.  The  water,  which 
has  been  analyzed,  is  too  hard  for  boilers,  but  has  improved  in  quality 
with  time 

No.  60.  W.  C.  Wade,  comer  State  and  Frm^t  ^/^r^^/^.— Depth,  125 
feet,  of  which  113  feet  are  in  rock.  The  maximum  yield  is  200  gal- 
lons a  minute,  though  only  50  gallons  a  minute  are  in  common  use, 
chiefly  for  refrigemting  purposes.  The  water,  which  rises  to  within 
13  feet  of  the  surface,  is  a  little  too  hard  for  boilers.  Its  summer 
temperature  is  54^  F. 

No.  61.  W.  a  Wade,  ''  Puhlk  Marh>t.''—Mv.  Grant  sends  data  of 
a  well  drilled  for  Mr.  Wade  at  the  ''Public  Market,'-  about  one-third 
of  a  mile  from  the  well  above  mentioned,  as  follows:  Depth,  225  feet; 
depth  of  water,  183  feet;  yield,  28  gallons  a  minute. 

No.  62.  Keney  Pr/r^.— Depth,  200  feet;  diameter,  6  inches.  The 
well  flows,  but  the  yield  was  not  given.     Data  by  Gnint. 

No.  63.  Ketiey  ParX*.— Depth  of  well,  170  feet;  depth  of  water,  138 
feet;  yield,  5  gallons  a  minute.     Data  by  Grant. 

Other  wells  in  Hartford. — The  following  list  of  wells  in  Hartford 
was  obtained  from  Mr.  Grant.  The  wells  are  all  6  inches  in  diameter 
and  have  the  greater  part  of  their  depth  in  rock. 
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AddUicnal  ireWt  in  Ilariford, 


Owner. 


(\  Rockwell... 

C.  McCune.... 
-ank  S.  Tarbox  . 
..do 


C.  Moore 

E.  Hubbard. 
..do 


.  Mary's  Home . 
alter  S.  Mather. 

Dart  A  Son 

..do 


[)topp  <%  CarlsRon 

in.  O'Brien 

Idison  6l  Impey  . 
hnson  &  Weeks . 

m.  Rogers 

iter  Peterson 

Hepburn 

L.  Bailey 

J.  Abbey 

idrew  Nason 

L.  Chappc^U 

E.  Hunl 

.  H.  Kricksen 

W.Crane 

A.  Green 

C.  Parsons 

Bengston 

H.  Seymour 

J.  Maher 

M.  Weber 

F.  Keenan 

le  "Linden".... 


ulford  Woven  Wire  Mattress  Co 


Depth  of  >  Depth  to 
well.         water. 


Fett.     I      Feet. 


115 
110 
57 
67 
60 
37 
62 
100 
87 
24 


!• 


Ill 

87 
48 
56 
40 
37 
40 
97 
37 
12 


74  '  Flows. 
155  '    130 


50 

6:^ 

49 
110 
50 
50' 

48  • 

:« 

28  I 
50  '■ 
50  ■ 
37 
(U) 
50 

i:^i 

50 

70 

65 

75 
140 
240 
246 


:^o 

36 
29 
35 
40 
:i9 
27 
18 
16 
34 
39 
24 

:^o 
:« 

86 

25 

40 

47 

50 

111 

215 

230 


Yield  per 
miiiiit 


GaUtmt. 

60 

18 

5 

3 

3 

8 

12 

15 

3 

3 

22 

10 

11 

5 

10 

5 

3 

5 

12 

3 

4 

4 

4 

10 

2 

3 

1 

10 
8 
11 
5 
10 
45 
10 


WKST  HAKTI>X)RI). 


.  //.  O.  Ori^mld, — Depth,  152  feet;  diameter,  6  inches.    The 

9  been  analyzed,  and  contains  three  times  as  much  lime  as  is 

in  drinking  water.     In  consequence  it  is  very  hard  and  ia 
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used  very  little.  The  ordinary  depth  of  the  water  is  137  feet,  but  it 
has  been  lowered  by  pumping  to  within  40  feet  of  the  bottom.  The 
well  runs  through  loam  and  hardpan  for  10  feet,  the  balance  being  in 
rock. 

Other  loells  in  West  Hartford. — ^The  following  supplementary  list  is 
furnished  by  Mr.  Grant.  All  the  wells  are  6  inches  in  diameter, 
except  No.  101,  which  is  4  inches. 

Additional  wells  in  West  Hartford. 


Serial 
No. 


100 
101 
102 
103 
104 
105 
106 
107 
108 


Owner. 


Paul  Thomson 

James  Thomson . . 
E.  C.  Wheaton... 
Mrs.  K.  Gallagher 
G.  V.  Brickley... 

W.  E.  Howe 

H.  C.  Long 

L.  N.  Burt 

P.  H.  Reilly 

D.  F.  Crozers 


Depth  of 
well. 


FteL 

40 

110 

135 

53 

30 

62 

41 

52 

206 

101 


Depth  to 
water. 


Feel. 
18 
d5 
115 
44 
15 
18 
25 
39 
160 
87 


Yield  per 
minate. 


GdkmL 
12 
35 
34 

n 

2 

4 
42 
32 


Well  No.  107,  which  is  in  the  trap,  lies  on  the  ridge  south  of  the 
village  of  West  Hartford.  The  trap  belongs  to  the  Posterior  sheet, 
and  is  comparatively  thin.  The  thickness  of  the  trap  at  this  point  has 
not  been  determined,  but  at  least  two-thirds,  and  possibly  three- 
fourths,  of  the  depth  of  the  well  must  be  in  the  Posterior  shales  whid 
underlie  the  sheet.  On  comparing  this  depth  with  the  depth  of  water 
in  the  well,  it  will  be  readily  seen  that  it  is  very  probable  that  the 
water  does  not  come  from  the  trap  at  all,  but  from  the  underlying 
shale.  In  consequence  the  well  can  not  with  propriety  be  classed  as  a 
well  of  the  trap. 


BURNSIDB. 


No.  109.  East  Hartford  Mamifacturing  Company. — Depth  of  well, 
398  feet;  diameter,  6  inches.  No  estimate  of  the  yield  in  gallons  could 
be  obtained,  but  the  well  is  said  to  flow  constantly  1  inch  deep  over 
the  top  of  a  10-inch  pipe.  If  this  statement  is  correct,  this  is  the 
largest  flowing  well  in  the  lowland.  The  water  has  been  analyzed  by 
Springfield  chemists  and  found  to  carry  considerable  mineral  matter, 
and  is  too  hard  for  boiters.     The  well  is  entirely  in  rock. 

No.  110.  J.  H.  Walker^  paper  viUl. — The  water  of  the  well  is  excel- 
lent for  drinking,  but  hard.  Measurement  showed  the.  well  to  be 
pumping  8  to  10  ficaUaiifl  a  minute.    As  it  is  separated  from  the  last- 
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mentioned  well  only  by  the  breadth  of  the  Hockanuin  River,  the  rock 
conditions  are  probably  the  same  as  in  that  well. 

SOUTH    MANCHBHTER. 

M.  S.  Chapman. — These  are  four  private  wells,  each  6  inches  in 
diameter,  used,  ^l^  I  understand,  to  supply  (ish  ponds.  Their  depths 
and  the  amounts  of  water  thev  vield  are  shown  t)elow: 


WelU  ofM,  S.  Chapman. 

Seri&l 
No. 

Depth. 

Yield  per 
minute. 

Feet. 

aallans. 

Ill 

225 

30  to  40 

112 

125 

10  to  12 

113 

75 

2i 

114 

75 

None. 

The  wells  enter  the  rock  at  a  depth  of  20  feet,  and  the  first  three 
flow  at  the  surface  of  the  ground.  The  water  is  of  good  quality  and, 
it  is  said,  can  be  used  for  any  purpose,  although  it  is  distinctly  hard 
by  the  soap  test. 

No,  115.  Cheney  Brothers^  silk  manujucturera. — This  is  one  of  the 
most  remarkable  wells  in  the  lowland,  and  the  data  concerning  it  have 
been  carefully  preserved.  The  well  is  457  feet  deep,  and  its  diameter 
•  is  8  inches  for  the  first  383  feet,  below  which  it  is  only  6  inches.  The 
well  flows  at  the  surface  at  the  rate  of  250  gallons  a  minute,  while  the 
experiment  of  pumping  650  gallons  a  minute  for  ten  consecutive 
minutes  lowered  the  water  level  only  10  or  12  feet  below  the  surface. 
He  water  is  unfortunately  very  hard,  but  the  well  is  used  to  its  full 
capacity  in  washing  colored  silks,  the  water  of  the  well  remaining  at 
the  proper  temperature  summer  and  winter.  Below  the  first  12  feet 
the  entire  well  is  in  red  sandstone.  For  analysis  see  No.  6,  table  on 
pages  108^109. 

NORTH   MANCHEBTTEB. 

Ifo.  116.  F.  J.  Sharp.— De^pth  of  well,  100  feet;  depth  of  water, 
M  feet;  diameter,  6  inches;  yield,  10  gallons  a  minute.  The  water 
has  been  analyzed  and  proves  to  be  very  hard.  Eighty -one  feet  of 
the  well  lie  in  red  sandstone. 

No.  117.  American  Writing  Paper  Company  (Oakland  Paper  Com- 
pany division). — Depth,  300  feet;  diameter,  4(?)  inches.  The  water 
flows  over  the  top  q%  the  pipe  at  a  rate  of  probably  10  to  12  gallons  a 
minute.  The  water  is  hard  and  is  used  for  drinking  purposes  only. 
Ibe  well  lies  entirely  in  the  rock,  which,  in  the  stream  near  by,  is  seen 
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to  be  rather  loose  in  texture  and  to  be  filled  with  fragments  of  the 
crysUilline  rocks  of  the  neighboring  eastern  upland. 

The  wells  east  of  Hartford  along  the  Valley  of  Hockanum  River, 
comprising  Nos.  109  to  117,  inclusive,  all  flow  at  the  surface  of  the 
ground,  except  No.  114,  which  is  dry,  and  No.  110,  which  rises  to 
within  1  foot  of  the  surface.  In  general  the  yield  of  these  wells  is 
exceptionally  large,  but  the  water  is  uniformly  hard. 


WBTHBRSFIELD. 


The  following  data  were  kindly  furnished  by  Mr.  Grant  eonceraing 
wells  at  this  place. 

WeUs  in  Wether  sfidd. 


Serial 
No. 

Owner. 

Depth  of 
well. 

30 

70 

192 

Depth  to 
water. 

Yield  per 
minute. 

118 

J.H.  Rabl)ett 

28 
40 
85 

8 

119 

Rev.  Lynch 

S5 

120 

C.I.  Allen 

15 

No. 

120  is  in  trap  i-ock.     All  are  6  inches  in  diameter. 

ROCKY    HILL. 

No,  122.  TF.  K  Pratt.— This  well  is  located  in  the  thin  posterior 
sheet  of  tnip.  It  was  drilled  in  the  bottom  of  an  old  open  well,  20 
feet  deep,  which  entered  the  rock  for  a  distance  of  6  feet.  From  this 
point  the  well  was  drilled  30  feet  through  trap  when  it  broke  into 
the  underlying  scdimentaries,  wlu(»h  it  pierced  to  the  depth  of  li  feet 
This  well  therefore  gives  a  section  of  14  feet  of  soil,  36  feet  of  tn^p, 
and  H  feet  of  sedimentary  rock — a  total  depth  of  51^  feet.  This 
]>rings  the  bottom  of  the  well  about  50  feet  above  the  surface  of  Con- 
necticut River,  which  flows  by  it  only  a  few  hundred  feet  eastward. 
The  diameter  of  the  well  is  (>  inches  and  the  maximum  amount  of  water 
obtainable  is  a  little  less  than  1  gallon  a  minute.  The  well  pumps  dry 
in  thirty  minutes.  The  water  is  fair  for  drinking,  but  is  excessively 
hard. 

No.  123.  J.  K.  <?re'^ri.— Depth  of  well,  2H  feet;  depth  of  water,  2* 
feet;  diameter,  6  inches;  yield,  not  given.  The  well  is  in  trap  rock- 
Data  by  Grant. 

KENSINGTON,  BERLIN   JUNCTION. 

No.  121^.  Netjn  YotJc,  New  Haiyeii  and  Hartford  Rail/road  pmotf 
A^M*^.— Depth,  300  feet;  diameter,  6  inches;  yield,  120  gallons  a 
minute.  Data  by  Grant.  Water  is  raised  by  a  common  pump.  It  is 
permantly  hard  and  unfit  for  boilers. 
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WdU  at  Berlifh  and  Berlin  Juncti(n\. — The  following  list  of  wells  at 
Berlin  and  Berlin  Junction  was  furnished  hy  Mr.  Grant.  All  are  6 
inches  in  diameter. 


Additiorud  u^lls  at  Berlin  and  Berlin  Junction. 


teU 


Owner. 


125    Berlin  Brick  Co  . 
lai do 

127  ■  Yale  Brick  Co... 

128  I  F.L.  Wilcox 

129  1  J.B.Smith 


Depth  of 
well. 

Depth  to 
water. 

Pfrt, 

FM. 

60 

49 

70 

62 

100 

81 

71 

40 

200 

130 

Yield 
mina] 


r 


OaUong. 


10 
6 


NEW   BRITALV. 


No.  ISO.  IloUl  Riisswin. — The  depth  of  the  well  is  152  feet,  and  the 
depth  of  the  water  at  the  lowest  130  feet,  but  if  the  well  is  allowed  to 
stud  the  water  flows  at  the  level  of  the  engine-room  floor,  which  is  10 
feet  below  grade.  The  ordinary  consumption  is  fully  10,000  gallons  a 
day.  The  water  is  very  pure  and  can  be  used  for  all  purposas.  Cer- 
tain features  of  this  well  which  have  a  distinct  bearing  on  the  theory 
of  onderground  flow  will  be  considered  in  connection  with  the  discus- 
sion of  that  subject. 

(MherwdU. — The  following  list  is  from  Mr.  Grant: 

Additional  weUa  at  New  Briiaiu. 


.Strfaili 
Ko. 


131  i 


Owner. 


Depth  «»f  I  Depth  to  '  Yield  per 
well.      I     water.     '   minute. 


132 
133 
134 
135 
13t> 
137 


I 


,  Ffet. 

I>enni8&Co H>5 

A.  J.  Sloper '  70 

A.  B.  Johnson (K) 

W.  E.  BnwUey 40 

J.  P.  CurtLs 250 

William  Derby 50 

F.  B.  Wischek 50 


22 
237 

;n 
:i8 


40 

45 

12 

4 

12 
6 
6 


Nos.  132  and  134  are  sunk  in  the  trap  of  the  Posterior  sheet  and 
may  lie  entirely  in  volcanic  rock.  All  the  wells  are  0  inches  in 
diameter. 


CROMWELL. 


Nos.  138  amd  139.  Neio  Enifbind  BrmnnnUme  qnai^ry. — The  wells 
are  63  feet  and  132  feet  deep,  respectively.  The  water,  which  was 
raised  with  a  pump,  was  thoroughly  tried  in  the  boilers  and  was  iowtvA. 
toUlJr  udM  for  the  purpose. 
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!kllI>l>I.BTl>WN. 


Xo.  140.  (uHHlytar  liuMk^*  Co/ajHiut/.  —The  well,  which  is  384  f«l 
deep  and  6  inches  in  diameter,  puiups  about  4<),<KX»  ^llons  in  twenty- 
four  hours,  or  nearly  30  gallons  a  minute.  The  water  is  called  good, 
but  has  not  ])een  tried  in  the  ]K)ilers  on  the  ground  that  it  wouU 
probably  prove  too  hard.  It  is  reported  that  the  well  flows  at  the 
surface.  For  analysis  of  water  from  a  Middletown  well,  see  No.  9, 
table  on  pages  108-109. 

MBRIDBN. 

JVbs.  U1-U5.  Edward  Miller  cfe  CV;.— There  are  on  the  premise 
of  this  compan}'  live  artesian  wells,  all  8  inches  in  diameter,  ran^ 
ing  from  250  to  800  feet  deep,  and  bored  into  red  sandstone  rock 
which  at  this  place  lies  from  (>  to  10  feet  l>elow  the  surface  of  thi 
ground.  The  output  of  these  wells  was  measured  when  they  wer 
first  ]K)red  and  varied  in  the  different  wells  from  10  to  80  gallons  pe 
minute.  The  supply  thus  measured  was  obtained  b^^  means  of  anordi 
narv  suction  pump,  which,  operated  at  the  rate  named,  lowered  th 
w^ater  about  25  feet  below  the  surface — as  low  as  it  could  be  pumpe* 
with  that  form  of  apparatus.  A  few  years  ago  the  Pohle  air  systei 
was  installed  for  raising  the  water  from  the  wells.  This  system  work 
by  compressed  air  and  forces  the  water  from  depths  of  70  to  90  feet 
With  this  apparatus  a  very  greatly  increased  output  was  obtained 
which  now  supplies  all  the  needs  of  the  company.  The  water  froi 
these  wells  is  all  discharged  into  one  large  system,  from  which  it  is  cii 
culated  through  the  factory.  It  is  not  easy  to  determine  exactly  th 
amount  of  water  used,  but  by  estimate  it  is  ^)etween  75,000  and  100,00 
gallons  a  da\'  of  ten  hours.  There  is  no  doubt  a  much  larger  quantit 
than  this  could  be  obtained  if  needed.  The  water  is  satisfactory  fo 
all  manufacturing  purposes  except  for  making  steam,  for  it  hold 
considerable  mineral  matter  in  solution  and  is  rather  hard  for  use  i 
boilei*s. 

N(K  Hj6.  Fosttr,  Mtrrrlam  tfe  Oa— The  well  is  300  feet  deep,  20 
feet  of  which  are  in  rock.  The  well  flows  at  the  surface  if  allowe 
to  stand,  and  pumps,  at  the  maximum,  10,000  gallons  an  hour — aboi 
170  gallons  a  minute.  The  water  is  too  hard  for  toilers  and  contair 
a  certain  amount  of  sand.  The  outer  pipe  is  8  inches  in  diameter  an 
the  inner  6  inches. 

No.  H7.  Intei^national  Silver  Company.,  Factory  "^"  (Merid( 
Britannia  Company). — Depth  of  well,  560  feet;  depth  of  water  wh( 
the  well  is  not  pumped,  555  feet;  diameter,  6  inches.  No  data 
yield  could  be  obtained.  The  water  is  very  hard  and  wholly  unfit  i 
boilers.  The  section  traversed  in  drilling  is  as  follows:  Soil,  9  fe< 
gravel,  18  inches;  quicksand,  90  feet;  balance  mostly  rock. 
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Xo,  H8»  Mertd&n  Curtam  Fixture  Company. — Depth,  305  feet; 
dkmeter,  6  inches.  .  The  amount  of  water  in  common  use  for  a  workinj^ 
dijof  10  hours  is  15,(XH)  gallons,  or  about  25  gallons  a  minute.  The 
liter  is  suitable  for  use  in  Iwilcrs.  Alwut  255  feet  of  the  well  are  in 
rock. 

WBLUB   AT   OTHER    PLACES    IN    NEW  HAVEN    CU(TflTY,  COWy. 

The  following  data,  which  have  lK»cn  i)ut  in  tabular  form,  were 
received  from  Mr.  Grant: 

Additional  xveU^  of  OmnectiaU  VnUeij. 


Serial 


Town. 


Owner. 


,  Depth  of 
well. 


149    Yalegville 

150 

151  I 

152  West  Cheshire . 

153  Mount  Cannel  . 
154 

155 

156  I  Qninnipiac*. 


157    North  Haven 

158 

159 

160 

161     Whitneyville 

162 

163 

161 

165 

166 

167 

168 

168 

170 


G.  I.  Mix&Co 

J.  H.  Yale 

C.W.  Michaels 

Cheshire  Manufacturing  Co. 

Chas.  Wheeler 

Sylvester  Peck 

H.D.Clark 

C.T.  Stevens 

F.L.  Stiles 

L  L.  Stiles  &  Son 

H.  P.Smith 

N.  W.  Hine 

H.  Stadtmiller 

J.  H.  Burtxin 

W.  F.  Downer 

W.  F.  Downer 

Edward  Davis 

Edward  Davis 

G.W.Ives 

Mr.  Brock 

Mr.  Johnson 

W.Mansfield 


Feet. 

100 

67 

90 

150 

50 

36 

60 

40 

83 

102 

116 

125 

85 

50 

67 

50 

56 

13 

65 

50 

58 

48 


Depth  to 
water. 


Feet. 


22 
72 


17 
21 

Flows. 

Flows. 


100 
115 
58 
40 
4<) 
42 
47 
11 
52 
35 
33 
37 


Yield  per 
minute. 


Gallons. 

40 

3 


100 

6 

6 

22 

4 

85 

30 

18 

16 

5 

22 

5 

7 

11 

20 

8 

24 

25 


These  wells  are  all  6  inches  in  diameter,  and  probably  all  of  them 
enter  rock,  except,  possibly,  No.  166. 


NEW    HAVEN. 


No,  171.  Iloyt  Beef  and  Profhuw  (hmpany,-  D^^ih^  ij()0  feet,  of 
which  200  feet  only  arc  in  rock;  diameter,  6  inches.  The  well  flows 
at  the  rate  of  3  gallons  a  minute,  yielding  water  of  very  good  quality 
which  has  not  been  analyzed. 
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No.  172.  Liiuigne  Automatic  Machine  Company. — Depth,  95  f 
diameter,  6  inches;  yield,  12  to  15  gallons  a  minute.  The  data  < 
ccrtiing  the  (juality  of  the  water  seem  to  be  favorable  in  a  gen 
way.  The  well  passes  through  5^  feet  of  quicksand  and  42  feet  of 
sandstone. 

No.  17 S.  Nmn  KmjUmd  Dairy  Comjmny. — Depth  about  160  1 
diameter  of  outside  pipe  6  inches,  and  of  inside  pipe  4  inches;  yi 
20  gallons  a  minute.     About  95  feet  of  the  well  are  in  i-ock. 
water  can  1x3  used  in  boilers.     For  analysis  see  No.  12,  table  on  pj 
108-109. 

OTHER    WELLS  NEAR  NEW   HAVEN. 

The  following  data  from  New  Haven  and  other  towns  of  the  Ic 
valley  are  from  Mr.  Grant: 

AddUiontil  welU  at  Neu^  Haven j  Northford,  and  Monimoeisf. 


Serial 
No. 


174 
175 
176 
177 
178 
179 
180 


Town. 


New  Haven. 


Owner. 


G.  W.  Ives  &  Son... 

do 

Seamless  Rubber  Co. 
II.  II.  Olds  &  Co.... 

N.  W.  Capin 

L.  A.  Smith 


Northford 

Montowese i  J.  F.  Barnes  &  Co. 


Depth  of  I  Depth  to  Yiel 
well.      I    water,      mil 


Fket. 

FM. 

50 

Flows. 

200 

160 

75 

40 

245 

134 

50 

Flows. 

36 

32 

On 


All  are  6  inches  in  diameter. 


FAIR   HAVEN. 


No.  IHl.  J.  R.  King. — Depth,  203  feet;  diameter,  (>  inches.  \^ 
pumped  at  the  I'ate  of  40  gallons  a  minute  the  water  level  did  not 
at  all.  The  well  is  entirely  in  rock,  and  no  water  was  found  until  8 
a  depth  of  100  feet  was  reached.  The  water  gave  no  scale  when  i 
in  boilers.  Data  are  from  R.  A.  Mather,  of  King  &  Mather, 
drillers. 

WELLS   STOPPING   AT   SURFACE   OF   ROCK. 


Another  group  of  wells  of  an  entirely  different  nature  from  tho 
the  previous  list  comprises  the  deep  wells  of  the  drift,  which  y 
sunk  to  the  top  of  the  rock  and  stopped  at  that  point.  Data  com 
ing  a  few  of  these  are  given  on  the  following  pages. 


RiicBOM.]     DRILLSD  WELLS  OF  OONKSCTIGUT  VALLEY  LOWLAND.       98 

WELLS  IN  MASSACHUSETTS. 

NORTHAMPTON. 

No,  182.  Beldvng  Brothers^  Silk  Compcmy, — This  well  is  a  close 
neighbor  of  the  famous  dry  well,  No.  1,  of  this  paper.  It  passes  at  a 
considerable  depth  through  a  dense  layer  of  some  sort  and  then  con- 
tbaes  through  gravel  to  the  rock,  which  is  here  150  feet  below  the 
nrface.  The  yield  of  20  gallons  a  minute  does  not  materially  affect 
tile  water  level,  which  is  about  20  feet  below  the  surface  of  the  ground. 
The  water,  which  has  not  been  analyzed,  can  be  used  in  boilers,  but  is 
principally  employed  in  dyeing.     The  diameter  of  the  well  is  12  inches. 

SPRINGFIELD. 

Sos.  H  and  15.  SprlngjiM  Breweries  Compcmy. — These  wells  and 
the  rock  well  belonging  to  the  same  company  have  been  mentioned  on 
to  earlier  page  of  this  paper,  under  the  numbers  here  given,  and  do 
not  need  further  description.  It  is  interesting,  however,  to  note  that 
the  quality  and  quantity  of  the  water  changes  as  soon  as  the  rock  is 
entered. 

No.  183.  Phdps  Publishing  Company. — Depth,  78  feet;  diameter, 
^  inches;  yield,  10  gallons  a  minute.  The  water  is  too  hard  for 
boilers  but  is  excellent  as  drinking  water.  This  well,  which  stops  at 
the  rock,  is  pumped. 

No.  18i.  Cooley^s  Hotel. — ^This  is  a  driven  well,  86  feet  deep  and  2i 
bches  in  diameter,  that  yields  over  20  gallons  of  water  a  minute.  The 
water  is  soft  and  could  probably  be  used  for  boilers.  The  well  runs 
to  the  surface  of  the  rock,  at  which  point  the  water  is  obtained. 

WELLS  IN   CX>NNECTICUT. 


Noff.  186,  186,  187,  188,  and  189.  Bradley  <&  Hvhbard  Manufactur- 
ii^  Company. — In  1890,  five  wells,  each  8  inches  in  diameter,  were 
driven  to  the  rock  by  this  company,  reaching  the  following  depths: 
No.  1,  203  feet;  No.  2,  208  feet;  No.  3,  256  feet;  No.  4,  327  feet;  No. 
5, 281  feet.  Only  Nos.  1,  2,  and  3  are  used,  as  Nos.  4  and  5  did  not 
produce  water  enough  to  pay  for  connecting.  No  estimate  of  the 
amount  of  water  obtained  from  Nos.  1,  2,  and  3,  separately,  can  be 
pven;  but  the  three  wells  together  furnish  about  6,000  gallons  an  hour. 
None  of  the  wells  flow.  The  water  is  of  fair  quality,  but  is  rather 
litrd  for  use  in  boilers. 

These  five  wells,  all  over  2(K)  feet  deep,  nm  to  the  rock  only. 
Besides  their  interest  from  the  standpoint  of  the  water  supply,  they 
l^^'ve  some  very  interesting  suggestions  concerning  the  depth  of  tho 
unconsolidated  deposits  at  this  point,  and  tiiey  bint  at  the  presence  of 
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a  very  deep  depression  in  the  underlying  sedimentary  rocks  along  th© 
general  line  of  the  great  fault  which  separates  the  Hanging  Hills  oii 
the  west  from  Lamentation  Mountain  on  the  east. 

It  should  be  noted  that  in  this  paper  no  ac*€Ount  is  given  of  those 
wells  which  lie  wholly  in  the  unconsolidated  dejwsits  of  the  area  and 
which  do  not  come  into  relation  with  the  rock  at  all.  There  are  many 
of  these  wells,  and  they  seem  to  be  especially  in  favor  in  the  region 
lying  between  Springfield  and  Hol^^oke  and  along  the  Chicopee  River. 
They  present  innumerable  local  problems  of  a  diverse  and  often  com- 
plicated nature,  and  any  results  which  might  be  obtained  from  their 
study  would  be  of  relatively  little  economic  importance. 


BIASSIC  ROCKS  OF  THE  CONNECTICUT  VALLEY  AS 
A  SOURCE  OF  WATER  SUPPLY. 


By  M.  L.  Fuller.  « 


INTBOI>UCnON. 

In. the  foregoing  paper  of  Mr.  W.  H.  C.  Pynchon  detailed  descrip- 
ODS  have  been  given  of  a  large  number  of  wells  of  the  Triassic  area 
f  Massachusetts  and  Connecticut,  together  with  a  considerable  amount 
f  data  relating  to  the  quantity  and  quality  of  the  water  supplies  which 
re  obtained.  Many  facts  bearing  upon  the  occurrence  of  the  waters 
imve  been  presented  and  certain  deductions  that  are  of  local  applica- 
lon  have  l>een  made. 

The  purpose  of  this  paper  is  to  supplement  the  foregoing  by  a  gen- 
ttal  summary  of  the  water  conditions  in  their  broader  relations  and  to 
teiot  out  the  significant  featuras  of  the  water  supply  of  the  region. 
^!Ebe  effort  has  been  made  to.  describe  these  features  as  concisely  as 
[possible  rather  than  to  present  elaborate  discussions. 

In  addition  to  the  conclusions  presented,  a  few  notes  on  points  of 
cial  interest  to  the  driller  have  been  appended. 

UNUERGROUND  WATER  CONDITIONS  IN  THE  AREA. 

SOURCES  OF  WATER. 

GONOLOMEBATES. 

Near  the  edge  of  the  area,  where  the  Triassic  beds  are  in  contact 
with  the  adjacent  crystalline  rocks,  both  on  the  eastern  and  western 
tides,  there  are  somewhat  marked  bands  of  conglomerates  which  were 
deposited  along  the  shores  of  the  Triassic  sea  that  occupied  the  basin. 

•The  descripdye  portions  relating  to  wells  are  based  on  the  field  observations  of  Mr.  W.  H.  C. 
^  P^nchin  and  are  compiled  from  notes  furnished  by  him.  The  present  writer  alone,  however,  is 
'  mponsible  for  the  interpretations  of  the  yarions  features  and  for  the  views  expressed  in  regard  to 
tke  nature,  condition,  and  pmpwts  of  the  water  suppliee  in  the  Trtaasio  aiea. 
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The  pebbles  of  the  conglomerate  were  derived  from  the  adjacent  crys- 
talline rocks,  and  some  of  them  are  of  large  size.  The  matrix  is  of 
various  degrees  of  fineness,  ranging  from  coarse  sand  to  clay.  In 
Massachusetts  the  conglomerate  on  the  west  side  of  the  Triassic  area 
is  known  as  the  Sugarloaf  arkose  and  on  the  east  side  in  part  as  the 
Sugarloaf  arkose  and  in  part  as  the  Mount  Toby  conglomerate,  the 
latter  occurring  in  a  narrow  belt  between  the  Sugarloaf  arkose  and 
the  crystalline  border  in  the  southern  part  of  the  State.  The  same 
bands  extend  into  Connecticut  and  possibly  continue  throughout  the 
entire  southern  part  of  the  area,  but  they  have  not  yet  been  differen- 
tiated in  that  region. 

The  conglomerates  of  the  western  border  would  at  first  sight  seem 
to  offer  greater  possibilities  for  the  storage  of  artesian  waters  than 
any  other  rocks  in  the  valley.  They  present  their  upturned  edges  to 
the  waters  that  pour  down  from  the  western  upland  and  are  compara- 
tively undisturbed  by  fracture  and  displacement,  but  because  of  their 
situation,  outside  of  the  immediate  Connecticut  Valley^,  where  the 
principal  towns  are  located,  very  few  deep  wells  have  been  sunk  in 
them,  and  it  is  therefore  impossible  to  say  whether  actual  results 
would  agree  with  the  assumed  conditions.  The  few  deep  wells  near 
the  western  border  of  which  records  are  at  hand  do  not  i"each  the 
avemge  depth  of  those  of  the  central  portion  of  the  valley,  and  the 
fact  that  these  few  wells  obtain  only  very  moderate  supplies  is  there- 
fore inconclusive.  Farther  away  from  the  border,  as  at  Northampton, 
a  well  was  sunk  to  a  depth  of  3,700  feet  through  rocks  classed  by 
Professor  Emerson  as  Sugarloaf  arkose  without  encountering  water. 
Again,  near  Westfield,  a  well  was  sunk  at  Daniel  Brothers'  paper  mill 
to  a  depth  of  1,100  feet  in  the  Sugarloaf  arkose,  likewise  without 
success.  In  fact,  so  far  as  is  known,  nearly  all  wells  that  have 
reached  great  depths  without  procuring  water  have  been  sunk  in  the 
conglomerate  or  arkose. 

On  the  eastern  side  of  the  valley  the  conditions  are  less  favorable  than 
on  the  west.  The  eastward  sloping  beds  of  the  narrow  belt  of  Mount 
Toby  conglomerate  that  lies  at  its  contact  with  the  crystalline  rocks 
along  the  eastern  edge  of  the  area  abut  against  a  system  of  faults  that 
presumably  constitutes  an  extended  line  of  leakage,  drawing  water 
from  the  adjacent  conglomerates. 

SANDSTONES. 

DutrUmticni  and  character, — The  sandstones,  because  of  their  great 
area  and  their  water-holding  capacit}^  are  the  principal  source  of 
water  in  the  Triassic  area.  Except  for  the  conglomerate  belts  along 
the  eastern  and  western  boundaries,  the  shale  band  near  Connecticut 
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«r  at  the  center  of  the  valley,  and  the  trap  ridges,  the  main  portion 
Jie  area  of  Triassic  rocks  is  underlain  by  sandstone.  Many  impor- 
ktowDS  are  located  in  the  sandstone  area  and  a  large  number  of 
Is  obtain  good  supplies  of  water  from  this  rock. 
n  character  the  sandstones  vary  from  fine  to  coarse  grained,  and 
Qsually  some  shade  of  red  or  brown  in  color,  though  buff  and  other 
ieties  are  known.  They  are  often  of  very  even  texture  and  f re- 
ntly  occur  in  thick  beds,  so  that  from  many  standpoints  they 
Btitate  an  admirable  building  stone,  for  which  pui'poses  they  are 
^nsively  quarried,  especially  at  Longmeadow  in  Massachusetts  and 
tland,  Cromwell,  and  Tolland  in  Connecticut.  They  are  inter- 
;«ed  with  beds  of  shale  ranging  in  thickness  from  mere  films  up  to 
s  many  feet  thick,  which  frequently  serve  as  confining  strata  for 
water-bearing  beds. 

test  of  the  brownstone  from  Portland,  Conn., ^  shows  that  this 
btone  when  previously  dried  and  then  immersed  in  water  for  three 
iths  will  increase  in  weight  from  150  to  154  pounds,  showing  an 
►rptive  ratio  of  4  to  150  or  about  one-fortieth  of  the  weight  of 
block.  This  is  equivalent  to  approximately  2  quarts  of  water  to 
y  cubic  foot,  and  shows  that,  under  favorable  conditions,  the  rock 
immense  capacity  as  a  reservoir. 

Titter  supply, — ^The  sandstones  may  be  studied  to  good  advantage 
iie  quarries  which  lie  within  their  borders  at  Longmeadow,  Crom- 
1,  or  i>erhapa  best  of  all  in  the  great  brownstone  quarries  at  Port- 
l,  directly  across  the  Connecticut  River  from  Middletown,  Conn. 
«  ^eat  pits  have  been  opened  in  the  sandstone  to  a  depth  of  200 
,  and  the  water-bearing  character  of  the  rocks  may  be  studied. 
bough  the  sandstone  when  quarried  contains  a  certain  amount  of 
oarry  water "  when  first  removed  from  the  pit,  no  water  appears 
percolate  from  the  face  of  the  stone,  but  water  everywhere 
srges  from  along  the  bedding  planes,  especially  along  the  shaly 
tings,  where,  dripping  down,  it  darkens  the  quarry  walls  over  large 
faces.^  The  water  flows  chiefly  down  the  slope  of  the  dip  and 
ers  the  rock  in  greatest  amount  during  the  spring  months,  at  which 
riod  slight  amounts  may  also  enter  from  the  opposite  side.  The 
Is  slope  from  the  Connecticut  River  toward  the  quarry,  but  the 
ctuation  in  the  amount  of  water  entering  the  quarry  with  the  season 
licates  its  derivation  directly  from  rainfall  or  melting  snows, 
iroughout  the  busy  season  pumps  keep  the  quarries  sufliciently  clear 
water  to  permit  work  to  be  done. 
A.  well  showing  features  somewhat  analogous  to  those  seen  at  the 

aSUme.  Tol.  9,  Jane,  1894,  p.  20.  6  Stone,  vol.  9,  pp.  42-43, 1898. 
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IMPERVIOUS  BED 


Fig.  20.— DepreflBion  of  water  surface  at  point  of 
leakage  in  sandstone. 


quarries  is  located  at  the  bottling  establishment  of  M.  M.  Bacon,  c 
Morris  street,  Hartford.     It  is  an  open  well,  34  feet  deep  and  A 
2i  feet  in  diameter,  about  14  feet  of  its  depth  being  in  shales.    In  a 
corner  of  the  bottom  of  this  well  is  a  fissure  large  enough  to  i 
the  insertion  of  the  fingers,  from  which  the  water  flows  in  such  ahorl 
danc^  that  it  is  impossible  to  keep  the  well  dry  enough  forconvenieit| 

cleaning.  The  draft  on  thisi 
is  a  thousand  gallons  a  day 
year  round,  and  in  summfir 
will  amount  to  half  as 
again.  Though  this  well  is  in  i'l 
city  of  90,000  inhabitants,  andf 
situated  at  the  foot  of  a  couii- 
erable  drainage  slope,  yet  Ab 
analysis  which  the  city  miderf 
the  water  shows  that  it  is  ve^ 
pure. 

From  the  fact  that  the  entrance  of  water  into  the  quarries  and  in  tb 
well  mentioned  is  from  the  bedding  planes,  it  might  appear  that  M 
little  was  contained  in  the  body  of  the  sandstones  themselves.  TUl 
appearance  is,  however,  probably  due  to  the  artificial  conditioDS  d 
the  exposures  in  the  quarries.  The  sandstone,  because  of  its  ope» 
and  porous  texture,  probably  behaves  much  like  a  homogeneous  mt* 
of  sand,  from  which  the  flow  or  leakage  takes  place  along  its  contact 
with  an  underlying  impervious  bed  or  at  the  level  of  saturation.  Ifl 
such  a  mass  the  water  table,  as  the  upper  surface  of  the  water  bodj 
which  it  contains  Ls  called,  is  depressed  at  the  point  of  leakage,  bul 
rises  gradually  as  the  distance  from  the  point  of  outflow  increaao 
(see  fig.  20).  Thus,  in  a  sandstone  bed  it  is  but  natural  that  the  out 
flow  should  be  only  at  its  base,  although  perhaps  a  few  feet  back  fpon 
the  exposed  face  the  whole  }>ed  may  be  saturated.  This  is  true  o 
prac^tically  all  natural  outcrops,  even  of  the  famous  water-bearinf 
Dakota  and  similar  sandstones  of  the  central  West. 


SHALES. 

Churacter. — ^The  largest  body  of  shales  in  the  Triassic  area  occur 
near  the  central  part  of  the  valley,  in  the  vicinity  of  Connectica 
Kiver.  They  are  known  in  Massachusetts  as  the  Cbicopee  shale,  ar 
grayish  in  color,  and  are  interbedded  with  many  sandstone  layers.  A 
the  }K)ttom  they  grade  into  the  Longmeadow  sandstone.  In  additioi 
to  the  Chicopee  shales,  ocx^sional  thin  shaly  beds  occur  in  the  sand 
stones  or  conglomerates  throughout  the  entire  area. 

Theoretically  shales  are  not  at  all  adapted  to  hold  ground  watei 


natioii.  Among  such  wells  may  be  mentioned  Nos.  3,  4,  5,  7, 
^  and  12,  mentioned  by  Mr.  Pynchon  in  the  preceding  paper. 
\  to  22  generally  start  in  the  Chioopee  shales,  although  several 
may  penetrate  sandy  beds,  probably  of  the  underlying  Long- 
sandstones. 

of  todls. — Of  the  wells  noted,  two  are  between  100  and  200 
(  between  200  and  300  feet,  four  between  300  and  400  feet, 
ireen  400  and  500  feet,  and  three  over  500  feet.  This  indicates 
Bneral  the  wells  must  be  fairly  deep  in  order  to  obtain  satis- 
mpplies  in  the  shale  area. 

eUr  of  water. — Because  of  the  presence  of  lime  and  other 
nineral  substances  the  waters  from  the  shales  are  generally 
lineralized  and  can  seldom  be  used  in  boilers. 

TRAPS. 

Tient  conditions. — Of  the  rocks  of  the  Triassic  area  the  traps 
the  most  unfavorable  conditions  for  water  storage.  This  is 
of  the  lack  of  porosity  of  the  rock  itself  and  of  the  absence  of 
planes  along  which  the  water  might  flow.  Superficially  they 
naively  jointed  and  would  absorb  and  hold  much  water  if  the 
ate  reached  any  considerable  depth.  It  is  probable,  however, 
)W  a  relatively  few  feet  from  the  surface  the  joints  are  in  many 
9t  sufficiently  open  to  admit  the  passage  of  water.  Moreover, 
I  of  their  outcrops  is  most  unfavorable  for  the  reception  of  the 
waters,  as  their  exposed  edges  stand  high  above  the  surround- 
n«  and  nsuallv  rest  upon  an  elevated  pedestal  of  sediments. 
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receives  its  water  supply  from  a  chain  of  such  lakes  that  stretches  for 
sevei-al  miles  along  the  eastern  foot  of  the  Talcott  Range,  while  then 
are  at  least  five  reservoirs  that  use  as  their  wp.tershed  the  back  stopn 
of  the  Hanging  Hills.  Farther  down  the  valley  Beseck  Lake,  Fvf : 
Pond,  and  Lake  Saltonstall  derive  their  supply  from  similar  souiwi 

Wefli<  hi  the  trap. — Among  the  more  interesting  of  the  wells  derivia|i 
their  supply  from  the  trap  are  those  at  Cedar  Mountain,  Wethersfidl, 
just  southwest  of  Hartford  (No.  121,  B.  and  C,  of  Mr.  Pynctaa).! 
These  wells  are  on  the  property  of  Dr.  Gordon  W.  Russell,  who  suil 
the  wells  largely  as  an  experiment,  and  who  has  shown  much  intertfkii 
scientific  matters.  The  mountain  is  a  part  of  the  ridge  of  the  Miii 
trap  sheet,  and  has  a  maximum  elevation  of  about  360  feet  above  tb 
sea.  Its  western  face  is  very  steep,  dropping  250  feet  to  the  pliii 
within  a  distance  of  two-fifths  of  a  mile,  and  is  actually  precipitom 
near  the  summit.  The  eastern  face  slopes  more  gradually,  dropping 
about  120  feet  to  the  valley,  occupied  by  shales,  about  three-fifths  ol 
a  mile  distant.     It  is  in  all  respects  a  typical  trap  ridge. 

Well  A  is  an  ordinary  open  well  and  was  dug  to  supply  the  needi 
of  the  farm  house.  It  was  opened  9  or  10  feet  to  the  rock,  but  th 
water  became  shallow  in  summer.  It  was  then  sunk  1  or  2  feet  intoth 
loose,  greiitly  jointed  surface  trap,  and  has  since  given  an  abundano 
of  water  for  domestic  uses.  The  supply,  however,  fluctuates  regu 
larly  with  the  wetness  or  dryness  of  the  season.  From  the  well  mouti 
the  mountain  side  with  its  drift  covering  rises  steadily  for  two-fifth 
of  a  mile  to  the  west  till  it  reaches  the  crest,  which  is  about  100  fee 
above  the  well.  The  supply  is  clearly  the  surface  water  contained  1 
the  soil  and  in  the  heavily  jointed  upper  surface  of  the  trap,  thesoaic 
also  of  a  little  stream  which  lies  a  little  farther  up  the  ridge. 

Well  B  is  located  about  200  feet  south  of  well  A.  It  passes  throug 
9  feet  of  soil  and  then  through  about  290  feet  of  trap  rock,  at  whic 
point  the  string  of  drilling  tools  wedged  fast,  possibly  along  a  joii 
plane.  The  well  is  0  inches  in  diameter.  On  illuminating  it  bright! 
for  a  considerable  depth,  by  light  reflected  from  a  mirror,  it  appeare 
that  no  water  came  into  it  except  from  the  shattered  upper  surface  c 
the  trap  sheet,  as  in  well  A.  The  drill  had  not  entered  the  underlyin 
sediments  when  the  well  was  visited  in  1902,  notwithstanding  the  fa< 
that  the  bottom  of  the  well  was  much  below  the  level  of  the  westei 
plain. 

Well  C  is  located  about  three-fourths  of  a  mile  farther  south  and 
little  farther  east  than  the  other  two  wells.  It  has  a  depth  of  103  fei 
It  was  thought  from  the  residue  brought  up  by  the  sand  bucket  tl: 
the  well  entered  the  sedimentary  beds  below,  but  in  view  of  the  recc 
of  well  B  and  the  thickness  of  the  Main  sheet,  this  is  extreme 
doubtful.    Water  was  struck  at  a  depth  of  38  feet  from  the  surfo 
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io  a  joint,  the  j'-ield  being  32  gallons  an  hour.  At  the  present  depth 
tiiewell  id  capable  of  g'lving;  90.  gallons  an  hour,  the  water  probably 
coming  tbroug'h  joints  from  u  leVeU  tefow  t^ir  well  bottom,  and  rising 
towitlun  26  feet  of  the  surface.  During  the  (iPilxing  lightjwai^  foflected 
down  the  bore  and  ^vrater  was  seen  coming  in  through  (hb^trap^-ftnd, 
io  the  opinion  of  the  driller,  Mr.  H.  B.  King,  of  Hartford,  from  the 
down-hill  side.  However  this  may  be,  we  have  here  a  well  near  the 
Aflunitof  the  mountain  whose  bottom  is  above  the  level  of  the  low- 
IunIh  on  either  side,  with  water  coming  in  through  the  trap  and  rising 
toi  point  about  175  feet  above  the  plain  three- fourths  of  a  mile  to  the 
tert  and  about  70  feet  above  the  valley  one-fourth  of  a  mile  to  the 
cut  The  top  of  the  well  is  about  280  feet  above  sea  level.. 


GEOLOGY. 
STRUCTURE. 


Attitude  ofheds. — ^The  dip  ot  the  beds  of  the  Triassio  area  averages 
iboutl5^,  or  nearly  2,000  feet  to  the  mile.  The  catchment  area  of  an 
individual  bed  having  a  dip  as  steep  as  this  is  very  narrow  as  compared 


Fio.Zl.-OatcTop  of  bed  dipping  l.V>. 


Pig.  22.— Oiitcnjp  of  UmI  dippinK  W^. 


with  that  of  a  more  gently  inclined  bed.  Thus,  in  rigs.  21  and  22  beds 
hiving  the  same  thickness  and  dipping  15'^  and  5  ,  respectively,  are 
represented  as  outcropping  on  a  level  surface.  It  will  be  seen  that 
the  catchment  area  is  smaller  at  the  outcrop  of  the  more  steeply 
dipping  bed. 


Fio.  23.~Con(lition8  and  beds  encountered  by  welln. 

Because  of  the  steep  dips  and  the  rapidity  with  which  the  beds  are 
carried  to  great  depths  a  single  water  horizon  is  available  only  within 
very  narrow  limits.  In  fact,  in  going  from  west  to  east  practically 
ever}'  well,  unless  the  wells  are  very  close  to  one  another  or  penetrate 
to  a  great  depth,  draws  from  a  sepamte  horizon  (see  tig.  23).  This  is 
the  explanation  of  the  great  variability  in  the  (juantity  and  quality  of 
the  water  drawn  from  wells  in  the  Triassi(;  area. 

Along  the  western  rim  of  the  area  the  Triassic  rocks  lie  about  200 
feet  higher  than  in  the  lowlands  of  the  Connecticut  Valley.    li  the 
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beds  were  eontinuous  and  were  near  enough  to  the  surface  in  the  center 
of  the  valley  to  bo  reached  by  the  drill,  B^te?sian  flows  would  probaUy 
}>e  uniformly  obtained.  In  re^ityl  however,  the  beds  are  not  contiD- 
uoii^s,  luit  ar^  brokc^n  by  faults  along  which  the  waters  can  escape, 
Rhdi,  mpre^-ver^  they  lie  at  such  great  depths  that  they  can  not  be 
economically  reached.  The  bed  from  which  a  500- foot  well  draws  iti 
supply  will  outcrop  within  al)out  a  quarter  of  a  mile  of  the  well. 

DhvHion  nf  mot'fintrnt  of  tnder. — Although  extensive  artesian  fields 
are  unknown,  and  are  in  fact  not  to  be  expected,  isolated  flowing  wdk 
sometimes  occur.  A  numl>er  have  been  mentioned  in  the  descriptioi 
of  the  wells  by  Mr.  Pynchon,  pages  76  to  96  of  this  report.  lu  most 
instances  the  water  moves  down  the  dip,  but  in  a  few  wells  the  revene 
seems  to  be  true. 

A  well  of  the  (Connecticut  Valley  Brewing  Company,  at  Thompson- 
ville  (No.  26  of  Mr.  Pynchon's  list),  is  loi*ated  on  a  neck  of  land  thftt 
projects  wc»stward  into  the  Connecticut  River,  to  which  a  steeply 
sloping  bank  Is  presentinl.  The  water  is  obtained  from  the  rock  about 
30  feet  from  the  surface,  the  water-l>earing  bed  rising  toward  the 


Fi«.  24.— UiulorgnmiHl  eonditions  In  Thoiup«onvillo  well. 

I'iver  and  outcropping  in  the  steep  l)ank  mentioned.  The  well  yield* 
s  gsillons  a  minute,  a  (juantity  many  times  greater  than  any  amount 
that  could  1)0  a})sorbed  from  the  steep  and  narrow  catchment  areii 
The  water  can  not  i>ossibly  come  from  the  river,  as  its  level  is  about 
25  feet  higher  than  the  level  of  the  water  in  the  river,  but  must  come 
up  the  dip  from  the  eavst.  As  the  l)eds  never  bend  upward  and  appear 
at  the  surface,  but  maintain  their  uniform  dip  to  the  east,  the  water 
can  not  bt>  derived  from  any  outt*rop  lying  farther  east.  Joints  or 
faults  apparently  present  the  only  means  by  which  the  water  can  be 
supplied  (fig.  24). 

A  well  drilled  a  few  years  ago  on  Talcott  Mountain,  near  the  site  of 
the  '^Old  Talcott  tower,''  of  hn^al  fame,  was  situated  on  the  crest  of 
the  ridge  at  a  point  a  little  over  IKK)  feet  al)ove  the  sea.  The  face  of 
the  mountain  falls  away  steeply  to  the  west  700  feet  in  two-fifths  of  a 
mile.  At  a  depth  of  2<K)  feet  the  drill  passed  through  the  trap  into 
the  underlying  sediments,  and  at  this  point  the  only  water  was  found. 
Presumably  it  was  in  small  quantity,  as  the  drilling  w^as  carried  700  feet 
farther,  but  without  i-esults.     As  the  crest  of  the  mountain  is  700  feet 
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ibo?e  ttie  western   plain,  and  as  the  trap  was  loft  at  a  point  only  200 

feet  down^  the  contact  upon  the  face  of  the  mountain  must  be  over 

50O  feet  above  tlie  plain.     This  would  bring  the  outcrop  of  the  con- 

tKt  only  a  little  over  one-tenth  of  a  mile  west  of  the  well  and  on  a 

precipitous  portion  of  the  mountain  face.     It  is  thought  probable  by 

Mr.  Pynchon,  who  reported  the  well,  that  the  water  found,  however 

small  the  quantity,  came  up  rather  than  down  the  slope  of  the  beds. 

Well  No.  52,  Bopkins  &  Co.,  Hartford,  is  probably  of  the  same  general 

trpc,  as  when  allowed  to  stand  the  water  rises  in  the  well  far  al)ove 

the  water  levels  of  the  Park  and  Connecticut  rivers,  which  are  close  by. 

JOINTS. 

Occurrence. — Joints  are  especially  numerous  throughout  the  Trias- 
sic  area,  the  traps,  conglomerates,  sandstones,  and  shales  all  showing 
many  of  them.  In  the  traps,  as  has  been  pointed  out,  the  rock  is  some- 
times sux>erficially  broken  up  into  a  mass  of  small  blocks,  among  which 
the  water  freely  circulates. 

Joints  are  also  well  developed  in  the  shales.    This  may  be  seen  readily 
in  the  city  quarry  at  Hartford,  previously  mentioned,  where  the  shales 
forming  the  floor  of  the  quarry  are  traversed  for  long  distances  by 
joint  cracks  that  divide  the  rock  into  the  diamond-shaped  blocks  already 
described.      In  this  quarry  a  number  of  feet  of  the  indurated  shale 
have  been  removed,  leaving  an  escarpment  of  sedimentary  rocks,  aver- 
aging fully  10  feet  high,  immediately  below  the  trap.     The  joint  planes 
bounding^  this  face  cut  through  many  layers,  some  of  them  probably 
traversing  the  whole  vertical  distance.     An  examination  of  any  fairly 
extensive  outcrop  of  shale  within  the  lowland  will  show  that  jointing 
is  developed  everywhere  to  the  same  extent. 

The  sandstone  beds  are  likewise  commonly  jointed  when  exposed  at 
the  surface,  but  to  what  depth  pronounced  jointing  extends  is  unknown, 
although  the  jamming  of  drills  in  ceitain  wells  may  indicate  that  fis- 
sures extend  to  considerable  depth  in  the  sandstone.  Thus  in  the  well 
of  the  Hubert  Fischer  Brewing  Company,  of  Hartford  (No.  44),  the 
drill,  after  penetrating  ^'  blue  stone,"  entered  what  seems  to  have  been 
a  conglomerate,  soon  after  which  it  became  jammed,  presumably  by 
encountering  a  joint  plane.  On  its  liberation  water  began  to  flow. 
Again,  at  Hotel  Russwin,  New  Britain,  a  well  penetrated  140  feet  of 
sandstone,  etc.,  without  finding  enough  water  to  keep  the  drill  wet,  but 
at  that  depth  the  drill  became  jammed  in  what  appeared  to  be  a  crack 
about  2  inches  wide.  As  in  the  preceding  well,  an  ingress  of  water 
followed  the  loosening  of  the  drill.  The  apparent  breadth  of  the  crack 
may  in  reality  be  due  rather  to  the  presence  of  soft,  decomposed  rock 
along  the  joint  plane  than  to  an  actual  opening  of  the  size  indicated. 
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Efect.—SevQml  different,  and  in  two  instances  entirely  oppofiite^ 
effects  are  produced  by  the  joints  of  the  Triassic  rocks.  SuperfiriiDf 
they  greatly  favor  absorption  of  water,  and  it  is  probable  that  Ih 
shallow  supplies,  especially  those  reached  by  wells  50  feet  or  less  ii 
depth,  are  greatly  increased  by  their  presence.  Doubtless  the  mofit 
common  result  of  the  jointing,  however,  is  to  break  the  continuity  of 
the  shale  or  other  confining  beds  associated  with  the  water  horizonS) 
and  thus  to  permit  sufficient  leakage  in  most  instances  to  destroy  tke- 
prospects  of  artesian  flows.  In  a  few  cases,  on  the  other  hand^tk 
supplies  of  deep  beds  seem  to  be  derived  from  joints  rather  thanfron 
outcrops,  as  was  notably  the  case  of  the  Thompsonville  well  (No.  86), 
described  on  page  82,  where  the  water,  as  indicated  in  fig.  24,  appean 
to  have  passed  down  the  joint  and  up  the  dip  of  the  sandstone  bel 
nearly  to  its  outcrop,  giving,  in  fact,  true  artesian  conditions. 

FAULTING.  ; 

Occurrence, — Although  jointing  disturbs  the  continuity  of  thebedi' 
almost  uiiivcrsalh^  it  does  not  do  this  so  profoundly  as  do  the  mani- 
fold faults  that  cross  the  area  in  several  directions,  especially  fron 
north  to  south.  Reference  to  the  map  accompanying  Professor  Davis's 
paper  ^'  will  show  that  important  faults  exist  in  great  numbers,  but 
numerous  as  they  are,  as  shown  on  the  map,  a  many  times  greater 
number  of  faults,  too  small  to  be  recorded,  yet  of  sufficient  size  to 
entirely  destroy  the  contiiuiity  of  the  beds  in  their  immediate  vicinity,, 
occur  in  the  area.  When  the  extensive  brecciation  and  local  bending 
of  the  strata  that  must  tjike  place  along  the  greater  faults— faults 
having  a  length  to  be  reckoned  in  miles  and  an  upthrow  to  l>e  calcu- 
lated in  hundreds  and  in  some  cases  thousands  of  feet — are  taken  into 
consideration,  it  may  be  readily  seen  how  thoroughly  and  extensively 
the  continuity  of  the  strata  is  destroyed. 

Effect, — The  effect  of  faults  is  much  the  same  as  that  of  joints,  but, 
because  of  the  relatively  greater  influence  of  faults  at  considerable 
depths,  it  is  even  more  important.  As  the  jointed  upper  portions  of 
traps  and  other  rocks  are  reservoirs  of  water,  so  the  fault  breccia,  or 
the  crushed  material  along  faults,  forms  an  important  source  of  water. 
Among  successful  wells  located  almost  upon  the  breccia  of  faults  ma] 
be  mentioned  Nos.  44,  45,  46,  47,  48,  49,  and  55  of  Mr.  Pynchot 
lying  near  the  fault  cutting  off  the  north  end  of  Cedar  Mountain,  ne« 
Hartford.  Wells  Nos.  124,  125,  126,  and  127  at  Berlin  and  No.  IJ 
at  New  Britain  are  almost  on  fault  lines,  while  the  town  of  Merid( 

aDavK  W.  M.,  The  Tria«8ic  formatlou  of  Connectieat:  Eighteenth  Ann.  Kept.  U.  8.  Geol.  Surv 
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ith  its  wells  is  bounded  ou  the  northwest  and  the  southeast  by  the 
ro  (greatest  faults  in  the  whole  lowland,  the  distance  between  the 
ults  at  this  point  being  only  If  miles. 

COMPOSITION  OF  TRIASSIC  WATERS. 

Many  facts  bearing  on  the  composition  of  the  Triassic  waters  are 
ran  by  Mr.  Pynchon  in  the  preceding  paper,  especially  those  bearing 
the  practical  question  of  their  adaptability  for  boiler  use.  The 
ilyses  of  the  waters  of  most  of  the  wells  described  by  Mr.  Pynchon 
)  not  now  available,  but  the  results  of  the  chemical  examinations  of 
lumber  of  similar  waters  from  Triassic  rocks  are  given  in  the 
lowing  table. 
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One  of  the  striking  features  of  these  wells  and  springs  is  the  greit 
variability  of  the  waters.  Those  of  the  traps  are  comparatively  low 
in  mineral  matter,  carrying  in  one  case,  at  North  Haven  (No.  16),  as 
low  as  32  parts  per  million  of  dissolved  solids.  From  400  to  3  500 
parts  per  million  are  common  in  waters  from  the  sandstones  and  shrfflB 
(Nos.  1,  3,  6,  and  13).  Such  amounts  make  the  water  unfit  for  boihr 
use,  even  where  the  mineral  matter  is  mainly  present  as  carbonate 
(lime).  The  analyses  show  that  not  only  is  lime  present  in  large 
amounts,  but  that  there  are  considerable  quantities  of  the  much  more 
objectionable  sulphates.  The  three  springs  mentioned  are  very  low 
in  mineral,  the  water  in  two  of  them,  if  not  in  all  three,  coming  from 
the  trap. 

SUMMARY  OP  WATER  CONDITIONS. 
ESSENTIALS  OF  ARTESIAN   FLOW. 

In  1885  Professor  Chamberlin  published  a  paper  ^  that  explained 
the  principles  of  artesian  flow  and  called  attention  to  many  of  the 
special  conditions  that  tend  to  determine  the  success  or  failure  of 


Fio.  25.— Ideal  section  allowing  the  requisite  couditioos  of  artesian  weUs. 


The  conditions  favorable  to  true  artesian  flow  are 


at$ 


artesian  wells, 
follows:* 

1.  A  iKTvioufl  stratum  to  permit  the  entrance  and  the  passage  of  water. 

2.  A  water-tijijht  IkmI  lx»low  to  pnLnH'iit  tiie  eK'ai)e  of  water  <lownwan1. 

8.  A  like  impervious  IhhI  alx)ve  to  prevent  the  enc-ape  upwani,  for  the  water,  being 
under  pressure  from  the  fountain  iiead,  would  otherwise  find  relief  in  that  direction. 

4.  An  inclination  of  these  Ixnis,  so  that  the  edge  at  which  the  waters  enter  will  be 
higher  than  the  8urfa<'e  at  the  well. 

5.  A  suitable  exposure  of  the  edge  of  the  porous  stratum,  so  that  it  may  take  in  a 
sufficient  supply  of  water. 

6.  An  adtH]uate  rainfall  to  furnish  this  supply. 

7.  An  al)sence  of  any  (^8cai>e  for  the  water  at  a  lower  level  than  the  surface  at  the 
well. 

The  rcqui.sites  its  outlined  h1>ovc  apply  only  to  sedimentary  rocks, 
but  the  principle  on  wliich  artesian  flow  depends  is  equally  applicable 


Fio.  26.~8ection  illustrating  thinning  out  of  porous  water-bearing  bed. 

to  other  rocks,  the  essential  feature  being  simply  that  the  water  be 
confined  and  that  the  outlet  through  the  well  be  considerably  lower 

a  Chamberlin.  T.  C,  Requisite  and  qualifying  conditione  of  artesian  wells:  Fifth  Ann.  Rep.  U.S. 
Geol.  Survey,  ppj 
Mbid.,p. 
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An  the  catchment  area  at  which  the  water  enters.    A  bedding,  joint, 
fault  plane  or  other  fissure  in  the  insoluble  rocks,  or  a  solution 
in  limestones  sometimes  affords    favorable  conditions  for 


Fio.  27.— Section  showing  transition  from  porous  to  impenrioos  bed. 

tesian  flow,  but  such  features  are  usually  of  limited  and  local  devel- 
Mnent  and  are  therefore  a  far  less  common  source  of  water  than  the 
idely  distributed  beds  of  sedimentary  origin. 

GONDmONS  IN  THE  TRIASSIG  ABEA  FAVORABLE  TO  FLOWS. 

The  conditions  in  the  area  that  are  favorable  to  artesian  flow  naay  be 
summarized  as  follows: 

L  There  are  many  porous  beds  which  water  may  readily  enter  and  through  which 
it  may  find  ready  passage. 

2.  Water-tight  beds,  serving  to  confine  the  waters,  frequently  occur  both  above 
Hid  below  the  water-bearing  sandstones. 

1  The  beds  are  so  inclined  that  the  edges  at  which  the  waters  enter  are  often 
ld|^  than  mouths  of  the  wells. 

4.  The  edges  of  the  beds  are  so  exposed  that  water  can  be  readily  absorbed. 

5.  Tlie  rainfall  is  adequate  for  large  supplies. 

6.  In  some  places  joints  and  faults  appear  to  conduct  water  downward  to  the  porous 
■ndstones,  which  thus  obtain  their  supplies. 

CX)NDITION8   IN   THE   TRIASSIG  AREA   UNFAVORABLE  TO   FLOWS. 

The  conditions  unfavorable  for  'flowing  wells  in  the  area  may  be 
«tated  as  follows: 

1-  The  Ijcds  are  so  highly  inclined  that  the  areas  exposed  at  the  surface  for  the 
c»i«hinent  of  waters  are  small. 

2.  The  inclination  of  the  beds  is  such  that,  except  in  very  deep  Ix) rings,  the  out- 
<^p  is  near  the  well  and  is  at  only  a  slightly  greater  altitude. 

3.  The  rocks  are  so  cut  by  joints  and  faults  that  ready  escape  w  frequently  afforded 
for  the  rock  waters,  thus  neutralizing  the  several  favorable  conditions  noted. 

CONCLUSIONS. 

The  conclusions  reached  as  to  the  underground  water  conditions  on 
^trea  may  be  summarized  as  follows: 

1-  Rock  waters  are  generally  present  in  almost  all  of  the  rocks  of  the  Triassic  area. 

^  In  the  sedimentary  l>eds  the  rock  waters  appear  to  be  most  abundant  in  the 
Bi&dstones,  less  abundant  in  the  shales,  and  least  abundant  in  the  arkose  and  con- 
aerates  occurring  around  the  rim  of  the  area.  Little  water  is  ordinarily  afforded 
by  the  traps. 

3.  Many  of  the  conditions  favorable  to  artesian  flows  are  locally  present,  and  flow- 
ing wella  will  occasionally  be  found. 
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4.  Beeail«e  of  the  frequent  interruption  of  the  continuity  of  the  water-bearing  beda 
by  joints  and  faults,  artesian  flows  will  be  relatiyely  rare  and  confined  to  small  araa 

5.  The  dips  are  so  steep  that  the  water-bearing  beds  usually  outcrop  within  adioit 
distance  from  the  wells  and  at  only  a  slightly  greater  elevation;  hence  the  head  will 
probably  never  be  great,  and  for  ordinary  purposes  pumping  ¥rill  always  be  necesBuy. 

6.  Because  of  the  steepness  of  the  dip  different  wells,  except  where  dose  together, 
¥rill  rarely  pass  through  the  same  series  of  beds,  but  will  generally  show  wide  diffR^ 
ences  in  the  materials  encountered  and  the  quantity  and  quality  of  water  procored. 

7.  Supplies  sufficient  for  many  ordinary  manufacturing  processes  will  be  obtained 
from  wells  in  the  Triassic  sandstones,  but  such  enormous  supplies,  amountipg  to 
several  thousand  gallons  a  minute,  as  are  obtained  from  some  of  the  wells  in  the 
looEe,  porous  bckis  of  the  Coastal  Plain  will  not  be  found.  The  amounts  given  in 
the  description  of  the  wells  in  the  paper  by  Mr.  Pynchon  indicate  the  character  and 
limitations  of  the  supplies  that  may  reasonably  be  expected. 

8.  The  waters  will  generally  be  highly  mineralized,  and  it  will  usually  be  impos- 
sible to  use  them  in  boilers.  The  waters  of  the  traps  will  on  the  whole  probably  be 
found  freest  from  mineral  matter  and  those  of  the  shales  will  show  the  highest 
mineral  content.  The  contrast  between  these  waters  and  the  pure  soft  waters  of  the 
crystalline  rocks  of  the  surrounding  area  is  very  striking. 

9.  The  water  will  commonly  be  free  from  pollution  by  sewage  or  other  extnoeoos 
mattor.  High  chlorine,  usually  regarded  as  an  indication  of  sewage  oontaminatioD, 
may  result  from  the  solution  of  matter  from  the  rocks,  especially  from  the  shales. 
In  cities,  however,  where  the  rocks  outcrop,  as  they  frequently  do,  within  theax)* 
porate  limits,  the  water  should  be  used  for  drinking  only  after  it  has  been  thoroqgiily 
tested,  as  surface  waters  may  in  some  instances  pass  readily  into  the  rocks.  The 
wells  should  be  carefully  cased  and  packed  to  prevent  water  from  passing  downward 
along  the  piiH\ 

10.  The  source  of  the  water  supply  is  mainly  the  rainfall  in  adjacent  regiott 
When  the  rocks  outcrop  at  the  surface,  the  water  may  be  absorbed  directly,  but  prob- 
ably the  great^T  amount  is  absorbed  from  the  ground  water  in  the  glacial  drift  which 
overlies  the  rocks  over  large  areas. 

1 1 .  The  waters  pass  through  the  rocks  in  part  by  general  seepage  and  in  part  by  fol- 
lowing iKHlrling,  joint,  or  fault  planes.  The  former  method  is  more  common  in  the 
porous  sandstones,  the  latter  in  the  shales  and  traps. 

NOTES  ON  WEIili  DRIIililNG. 

TESTING   OF   WELLS. 

Attention  has  been  called  by  Mr.  Pynchon  to  the  failure  of  a  num- 
ber of  very  deep  wells,  notably  the  3,700-foot  well  at  Northampton 
and  the  1,100-foot  well  near  Westfield.  Although  such  wells  htt6 
failed  to  obtain  supplies,  practically  all  of  them  encounter  water  in 
small  amounts,  which  is  generally  cased  off  as  the  well  proceeds.  No 
such  well  should  ever  be  abandoned  without  a  thorough  test  of  every 
water  horizon,  however  small.  The  casing,  if  possible,  should  be 
raised  above  the  level  of  the  water-bearing  bed,  a  pump  inserted,  9xA 
the  supply  meiusured.  When  it  is  impossible  to  remove  the  casing,!^ 
can  be  destroyed  at  the  water  horizon  by  a  shot  of  nitroglyoeriOi 
which  will  also  at  the  same  time  tend  to  loosen  up  the  surrounding 
rock  and  increase  the  flow.     Supplies  have  frequently  been  developed 
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at  horizons  which  were  not  at  first  thought  worthy  of  testing  and  which 
were  originally  drilled  through  without  stopping  and  cased  off. 

Anything  that  tends  to  increase  the  chances  of  success  of  wells  is  to 
the  ultiniate  advantage  of  the  driller.  A  complete  failure,  such  as  the 
well  at  Northampton,  while  it  may  cause  the  owner  to  sink  the  par- 
ticular well  to  a  great  depth  and  thus  give  temporary  employment  to 
the  driller,  will  tend  to  deter  others  in  the  vicinity  from  drilling,  and 
will  in  the  end  result  in  a  decrease  in  the  total  amount  of  drilling  done. 
If  sach  failures  can  be  partially  or  wholly  prevented,  the  drilling  busi- 
ness will  be  proportionately  benefited.  The  drillers  themselves  should 
use  all  possible  effort  to  make  every  well  successfid,  for  each  success- 
ful well  is  likely  to  lead,  sooner  or  later,  to  the  sinking  of  others. 

KEEPING  OF  RECORDS. 

One  of  the  chief  factors  in  the  development  of  a  well,  as  has  been 
pointed  out,  is  the  thorough  testing  of  each  water  horizon.  Detailed 
notes  should  therefore  be  made  of  the  chai-acter  of  material  penetrated 
by  the  drill  and  the  amount  and  quality  of  the  water  from  each  hori- 
zon, wherever  encountered,  and  the  depth  of  each  horizon  should  be 
determined  by  actual  measurement.  The  memory  can  not  be  relied 
upon  and  shoidd  not  be  trusted  to  recall  the  depths  at  which  water  may 
be  struck,  for  although  the  facts  are  firmly  impressed  upon  one  at  the 
time,  they  are  gradually  lost  sight  of  during  later  development,  so  that 
if,  at  the  completion  of  the  well,  it  becomes  necessary  to  test  any  par- 
ticular horizon  only  a  general  guess  as  to  its  depth  and  as  to  the  char- 
acter of  the  material  at  that  point  can,  in  many  instances,  be  made. 
Many  wells  have  resulted  in  failure  because  the  water  horizons  passed 
through  in  the  earlier  stages  of  the  drilling  and  cased  off  could  not  be 
relocated. 

PROPER   DEPTH   OF   WELLS. 

Nothing  can  be  farther  from  the  truth  than  the  popular  fallacy  that 
water  can  always  be  found  in  great  quantities  if  the  well  is  only  drilled 
deep  enough.  On  the  contrary,  it  is  almost  universally  the  case  in 
this  region  that  wells  of  moderate  depth  yield  the  most  abundant  sup- 
plies. The  reason  f6r  this  lies  in  the  fact  that  all  of  the  rock  waters 
originally  come  from  the  surface  and  decrease  in  amount  as  the  depth 
becomes  greater.  In  the  upper  rocks  joints  and  other  crevices  are 
both  more  numerous  and  more  open  than  in  the  deeply  buried  rocks, 
and  the  absorptive  and  water-holding  capacities  of  the  upper  rocks  are 
correspondingly  greater.  Being  subject  to  weathering  and  solution 
by  circulating  waters,  the  rocks  near  the  surface  are  also  much  more 
porous  than  those  lying  deeper. 

1KB  110-05 8 
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The  depths  to  which  wells  should  be  sunk  will  differ  greatly  in  dif- 
ferent areas.  What  would  be  a  shallow  well  in  many  regions  woulj 
be  a  deep  well  in  the  Triassic  region.  In  general,  wells  in  thbara 
that  are  under  300  feet  in  depth  give  the  best  supplies,  while  very  fei 
find  their  main  supplies  below  500  feet.  There  would  probably  h 
few  exceptions  to  the  principle  that  two  250-foot  wells  will  give  ooon 
water  than  one  500-foot  well.  This  is  even  more  true  of  the  deepei 
wells.  For  the  cost  of  the  3,700-foot  well  at  Northampton  fifteen  oi 
more  200-foot  wells  could  have  been  sunk,  and  a  good  supply  of  watei 
would  almost  certainly  have  been  obtained. 

It  can  therefore  be  said  that  success  in  procuring  large  supplies  in 
the  Triassic  area  is  generally  to  be  obtained  rather  by  drilling  a  num- 
ber of  shallow  wells  than  a  single  deep  one. 


SPRING    SYSTEM   OF   THE   DECATURVILLE 
DOME,  CAMDEN  COUNTY,  MISSOURI. 


By  £.  M.  Shepard. 


DESCRIPTION   OF   DOME. 


The  ma{in^itiide  of  the  springs  of  the  Ozarks,  especially  of  the  group 
gushing  to  the  surface  in  Camden  and  adjacent  counties  in  Missouri, 
h&  long  been  noticed,  and  the  remarkable  rounded  mass  or  boss  of 
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LIST  OF  SPRINGS  AND  SINKt 

1  Burnett  Spring 

t  Blae  •« 

SBMid 

4  Sweet  or  Big  Blue  Spring 

ft  Celt  Spring 

6  Hahatonlw  or  Ottnter  Syrlag 

7  Cullen  Spring 
SMoalder   •« 

9  Toronto  Spring 
lOWertOiaise  •< 
II  CSamp  Oroand  Spring 
It  lissle  Spring 
IS  QlA  Spring 
U  Vernon  Sinks 

LIST  OF  WELLS 

19  Lebanon  •«Itagnetlc"  W«D 
le  ''Deep  Weir'CASO  feet) 

17  KenneCl  ArtesUn  Well 

18  Kellogg        ••  •* 

19  Scott  <«  i< 
W  Rust             M  n 


© 


Pegmatite  bo« 
Direction  of  dip 
Springs 
Wells 
Sinks 


Pig.  28.— Sketch  map  of  region  of  Decaturvllle  dome,  Missouri. 

coarsely  crystalline  granite,  known  a«  pegmatite,  in  the  neighbor- 
hood of  Decaturyille,  in  southern  Camden  County  (see  fig.  28),  has 
also  been  for  many  years  an  object  of  interest.     During  a  trip  losA*^ 

1\^ 
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through  this  region  early  in  the  summer  of  1903  to  investigate  the 
underground  waters  of  the  State,  the  idea  occurred  to  the  writer  that 
some  relation  existed  between  the  granite  mass  and  the  system  of 
great  springs  and  sinks  that  surrounds  it  for  a  distance  of  from  8  to 
12  miles,  or  possibly  farther.  Subsequent  study  has  confirmed  this 
opinion  and  has  revealed  a  unique  condition  of  underground  drainage. 
In  1869  some  miners  who  were  prospecting  for  lead  laid  bare,  close 
to  the  surface,  a  small  area  of  granite  or  pegmatite,  frequently  called 
graphic  granite  because  of  a  peculiar  crystalline  structure  resembling 
the  letters  of  an  ancient  alphabet.  This  is  situated  at  the  crest  of  a 
low,  dome-shaped  hill  covering  about  6  acres  and  elevated  about  40 
feet  above  the  level  of  the  land  in  the  immediate  neighborhood.  The 
niiners  were  led  to  prospect  here  by  finding  some  small  rounded 
bowldera  of  quartzite  and  graphic  granite  at  the  surface.  This  small 
exposure  of  granite  is  located  near  the  town  of  Decaturville,  in  the 
southeast  comer  of  the  SW.  i  of  sec  32,  T.  37  N.,  R.  16  W.,  near  the 
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Fio.  29.— Ideal  cross  section  from  Hahatonka  Spring  to  Lebanon. 

line  between  Camden  and  Laclede  counties,  on  land  now  owned  by 
Mr.  Samuel  Wheeler.  The  excavation  was  only  20  feet  long,  10  feet 
wide,  and  probably  30  feet  deep,  though  it  is  now  partially  filled  up. 
When  first  opened  the  material  immediately  beneath  the  soil  consisted 
of  an  incoherent  layer,  several  inches  in  thickness,  of  kaolinized  feld- 
spar and  mica,  which  gradually  merged  into  a  true  pegmatite,  made 
up  mainly  of  the  variety  of  feldspar  known  as  microcline,  with  some 
albite  and  oligoclase  feldspars  and  numberless  small  masses  of  quartz. 
On  the  south  side  an  irregular,  sheet-like  mass  of  fine-scaled  to  some- 
what granular,  ferruginous,  micaceous  schist  (evidently  metamor- 
phosed gouge)  was  found.  The  micii  was  all  common  muscovite. 
Scattered  over  the  surface  of  the  hill  were  lenticular  or  irregular 
masses  of  polished,  compact  quartzite,  somewhat  resembling  glacial 
bowlders  of  the  same  material.  If,  as  the  writer  believes,  these  are 
the  metamorphosed  remnants  of  a  fractured  intercalated  layer  or  bed 
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of  aaodstone  in  the  original  dolomite,  they  form,  with  the  mica-schist, 
the  only  evidence  of  metamorphism  found.  Most  of  these  bowlders 
have  been  carried  away,  many  of  them  having  been  thrown  into  the 
old  [nt  and  many  used  in  the  construction  of  an  adjacent  stone  wall. 
The  dike  or  boss  is  surrounded  by  siliceous  magnesian  limestone, 
corresponding  to  Swallow's  Fourth  Magnesian  limestone.  The  greatly 
tOted  and  in  many  places  nearly  vertical  ledges  indicate  great  disturb- 
uoe.  The  limestone  here,  while  not  metamorphosed,  is  decidedly 
ihered,  being  highly  silicified  as  well  as  pitted  and  honeycomed  to  a 
remarkable  degree.  A  quailer  of  a  mile  away  to  the  north,  east, 
Mmth,  and  west,  these  ledges  outcrop  in  a  way  that  reminds  one 
strongly  of  coral  reefs  exposed  at  low  tide.  Great  parallel  ridges, 
tQted  at  every  angle  and  some  nearly  vertical,  stand  up  in  irregular 
Kgments  about  the  granite  hill.  To  the  southwest  for  over  2  miles, 
ikng  the  narrow  valley  of  Spencer  Branch,  the  disturbance  is  very 
great.  The  axis  of  this  lateral  disturbance  extends  S.  52^  W.,  and 
the  rocks  on  both  sides  of  the  valley  dip  strongly  toward  this  axis. 

About  500  feet  southwest  of  the  hill  three  small  shafts  were  sunk 
several  years  ago.  The  surface  was  covered  with  soil  mixed  with  an 
earthy  hydrated  iron  sesquioxide.  In  the  first  shaft,  27  feet  deep,  a 
mass  of  very  soft  earthy  galena,  2  feet  wide  and  3  feet  thick,  was 
found.  This  seemed  to  extend  about  8  feet  to  the  northeast.  The 
second  shaft  was  12  feet  deep,  contents  unknown.  The  third  was  53 
feet  deep,  and  Mr.  Wheeler,  the  owner  of  the  land,  states  that  granite 
was  found  at  the  bottom.  A  very  impure  earthy  galena,  mixed  with 
zinc  silicate  and  iron  pyrites,  was  found  in  three  V-shaped  pockets  or 
flat  openings,  one  above  the  other,  which  pitched  strongly  to  the  west, 
toward  the  prolonged  axis  of  disturbance.  About  a  quarter  of  a  mile 
to  the  southwest,  along  this  axis,  Mr.  Wheeler  sunk  a  fourth  shaft, 
depth  unknown,  at  which,  on  the  dump,  there  were  exposed  masses  of 
a  highly  silicified  rock  mixed  with  a  curious  iron  breccia  and  conglom- 
erate, with  scattered  masses  of  earthy  limonite. 

Surrounding  the  pegmatite  outcrop,  except  at  the  southwest,  is  an 
irregularly  broken  circle  of  low  hills  that  stiind  about  00  feet  above  the 
general  level  of  the  basin,  making  the  whole  area  resemble  somewhat 
the  contour  of  an  old  crater.  The  Third  sand^stone  of  Swallow  outcrops 
in  vertical  ledges  that  form  an  irregular  circle  about  three-fourths  of 
a  mile  in  diameter  around  the  pegmatite  out<*rop.  This  sandstone  was 
first  observed  just  south  of  the  hotel  at  Decaturvnlle,  where  a  large 
exposure  may  be  seen.  The  vertical  beds  here  are  about  25  feet  thick. 
The  false  bedding  and  the  more  siliceous,  irregular  layers,  standing 
out  as  ridges,  are  characteristic  of  this  formation.  The  sandstone  is 
somewhat  hardened  at  the  surface.  Farther  west,  other  outcrops  of 
vertical  sandstone  ledges  are  found  in  juxtaposition  with  vertical 
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ledges  of  the  Fourth  Magnesian  limestone  on  the  inner  side,  and  verti- 
cal ledges  of  Graseonade  limestone,  or  the  Third  Magnesian  limestone 
of  Swallow,  on  the  outer  side.  Two  of  these  outcrops  are  particularly 
striking,  one  near  the  center  of  the  south  line  of  section  29  and  the 
other  near  the  point  where  the  road  crosses  the  dry  branch  of  Banks 
Creek,  which  heads  to  the  southwest,  close  to  the  granite  outcrop  near 
the  southwest  corner  of  the  same  section.  Farther  west  and  south 
another  striking  vertical  outcrop  of  this  sandstone  forms  a  "back- 
bone." An  interesting  feature  of  these  sandstone  outcrops  is  the  fact 
that,  on  either  side  of  them,  the  dips  of  the  Gasconade  limestone  and 
Fourth  Magnesian  limestone  range  from  vertical  to  a  strong  inclination 
inward  toward  the  sandstone,  a  condition  very  difficult  to  explain,  but 
which  may  possibly  indicate  a  second  and  more  local  uplift.  A  few 
hundred  feet  southwest  of  the  pegmatite  outcrop  several  shafts  already 
described  have  been  opened  and  small  amounts  of  earth,  impure  galena, 
and  zinc  ore  have  been  found. 

Within  a  radius  of  a  mile  or  two  of  this  pegmatite  outcrop  Mr.  W.  S. 
Rush,  of  St.  Joseph,  has  sunk  a  number  of  diamond-drill  holes  to  a 
depth  of  several  hundred  feet,  and  in  no  case  did  he  strike  the  pegma- 
tite. These  holes  were  all  sunk  in  search  of  mineral.  A.  third  of  a 
mile  north  of  Decaturville,  in  the  southwest  quarter  of  section  28,  is 
a  small  outcrop  of  Hannibal  shales  and  Sac  limestones  (Devonian). 
The  limestone  contains  cavities  filled  with  calcite  and  is  somewhat 
altered  structurally,  though  its  lithological  characters  serve  to  identify 
it  without  much  doubt.  The  shales,  presumably  the  Hannibal,  are 
greatly  altered  and  are  of  a  bright-^^ellow  color  and  of  a  soft,  clay-like 
texture.  The  blue  color  which  everywhere  else  characterizes  these 
shales  has  evidently  been  destroyed  by  the  heat  attending  the  uplift. 
In  the  valley  a  few  hundred  feet  to  the  south  is  a  tilted  outcrop  of 
greatly  altered  dolomitic  limestone,  which  is  doubtfully  referred  to 
the  Jefferson  City  limestone  (Second  Magnesian  of  Swallow),  or  pos- 
sibly to  the  First  Magnesian  of  Swallow.^  As  far  as  the  writer  knows, 
these  are  the  highest  rocks  exposed  anywhere  in  this  county  or  the 
adjoining  counties  to  the  south.  It  is  significant  to  note  that  these 
upper  beds  retain  to  a  considerable  degree  their  dolomitic  character. 
In  other  words,  these  remnants  of  superincumbent  beds  have  not 
undergone  replacement  by  silicification,  as  has  been  the  case  in  lower 
beds,  which  will  be  described  later. 

There  is  evidence  of  two  distinct  periods  of  uplift,  both  of  which 
must  be  post-Devonian.  From  data  obtained  in  other  parts  of  the 
Southwest  it  is  presumed  that  the  first  uplift  was  post-Carboniferous, 
when  the  great  dome  of  the  Ozarks  was  first  elevated.     From  the 

aThe  above  locality  was  recently  visited  by  Dr.  E.  O.  Ulrlch  and  the  writer.  From  fofslls  there 
obtained  Doctor  Ulricb  determined  that  these  beds  probably  belong  to  the  Richmond  formatioii 
of  the  Ordorician. 
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ohficure  evidence  furnished  by  the  lateral  anticlines  that  merge  into 
the  main  axis  of  the  Ozarks  at  divergent  angles — anticlines  which,  the 
writer  believes,,  were  formed  in  post-Tertiary  time,  when  the  lead  and 
anc  ores  of  the  Southwest  were  probably  deposited — he  would  date 
the  second  uplift  at  this  point  in  geological  time. 

In  passing  in  any  direction  outward  from  the  center  of  maximum 
disturbance  one  may  readily  note  that  the  rocks  tilt  less  and  less 
strongly  away  from  the  pegmatite  hill  (see  tigs.  28, 29).«  This  is  strik- 
ingly shown  along  the  bluffs  of  Banks  and  Spencer  creeks. 

SPRINGS. 

From  what  has  been  said  it  is  evident  that  the  area  of  upturned 
strata  surrounding  the  pegmatite  hill — an  area  3  or  4  miles  in  diam- 
eter— forms  a  splendid  catchment  basin,  which  contributes  to  the 
supply  of  the  great  fountains  that  lie  in  the  surrounding  region. 
Studies  of  the  counties  adjoining  Camden,  particularly  on  the  west, 
northwests,  north,  and  northeast,  indicate  a  general  dip  of  the  strata 
toward  the  dome.  The  water  from  the  catchment  basin  around  the 
dome  therefore  meets  in  a  trough,  at  considerable  depth,  the  circula- 
ting water  derived  from  the  outside  area,  and  the  body  of  water  thus 
gathered  from  the  drainage  on  both  sides,  being  under  pressure,  is 
forced  up  to  the  surface.  Where  erosion  has  cut  sufficiently  deep  into 
the  valleys  of  the  Big  Niangua,  Osage,  and  Auglaize  rivers,  which  sur- 
round the  pegmatite  hill  on  the  west,  north,  and  east,  great  springs 
is^sue  at  a  distance  of  from  8  to  16  miles  from  the  granite  outcrop. 
Along  the  course  of  Spencer  and  Banks  creeks,  which  drain  this  same 
territory  to  the  northwest,  numerous  small  ^springs  issue,  the  valleys 
not  being  cut  deep  enough  to  tap  the  larger  supplies  below. 

Ben^nett  or  Bryce  Spring, — The  springs  of  the  Decatur vi  lie  system 
will  be  taken  up  in  order  from  the  southwest.  The  first  and  largest 
of  the  group  is  the  Bennett  or  Bryce  Spring,  situated  on  the  west 
side  of  Dallas  County  near  the  Laclede  County  line,  in  sec.  1,  T.  84, 
R.  18,  at  an  altitude*  of  940  feet,  150  feet  below  the  pegmatite  hill 
and  about  15  miles  southwest  of  it.  It  issues  from  the  lower  beds  of 
the  Gasconade  limestone,  the  Third  Magnesian  of  Swallow.  The  tem- 
perature of  the  spring  was  57.5^^  F.  when  the  air  temperature  was 
86^  F.  Swallow,  who  visited  it  in  1858,  gives  the  temperature  of  the 
water  at  58^  F.  and  that  of  the  air  at  00  F.  The  caUrulated  flow  was 
172,388,800  gallons  a  day,  but  Swallow's  figures  give  only  81,084,810 
gallons  a  day,  a  remarkable  variation   in  volume.     This  wonderful 

•Except  at  a  point  10  miles  northeast  of  Decaturville,  in  the  SW.  i  of  T.  38,  R.  14,  where  the  mokM 
ue  greatly  disturbed  and  tilted  along  a  northeast  and  southwest  axis.  Whether  this  Is  a  continua- 
tloQ  of  the  Decaturville  axis  or  not  can  not  be  determined  at  this  time. 

^AJl  the  altitudes  given  in  this  paper,  except  that  of  Lebanon,  were  determined  by  a  Herles  o( 
Urometiic  observations  and  are  beJJeved  to  be  approximately  correct. 
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spring  lies  in  a  narrow  valley  aboat  600  feet  wide.  It  boils  up  witk 
great  force  from  a  vertical,  cave-like  opening  into  a  large  oval  \msa 
(see  tig.  30).  The  spring  was  sounded  to  a  depth  of  22  feet.  Mr.  True- 
man  AtcJiley,  who  has  lived  near  it  for  many  years,  states  that  he  hu 
seen  it  with  one-tenth  less  water  than  normal  and  once  3  feet  hi^ier 
than  normal,  a  condition  which  would  give  it  twice  the  flow  above 
calculated.  The  channel  just  below  the  outlet  of  the  spring  hu 
bci'ome  somewhat  tilled  up  with  gravel,  so  that  the  water  surface  hae 
)>eon  raised  al)ove  the  height  of  the  place  of  outlet.  Mr.  Atchlej 
states  that  before  the  outlet  was  thus  choked  he  has  seen  the  spring  so 
low  that  he  could  walk  around  the  upper  portion  of  the  cave-lib 
openmg.     He  states,  also,  that  this  opening  descends  20  feet  verticaOf 
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Fio.  30.— Diagrammatic  cross  section  of  Bennett  Spring. 

and  then  slants  south  westward  to  an  unknown  depth  at  an  angle  of 
40  ^  to  50^.  When  visited  by  the  writer  the  water  of  this  spring 
lK)iled  up  strongly  over  an  area  about  20  feet  in  diameter  and  to» 
height  of  2  or  3  inches  above  the  general  level  of  the  pool.  He 
spring  forms  a  river  that  is  100  feet  wide  and  averages  H  feet  in 
depth,  with  a  rapid  current. 

Farther  west,  in  Dallas  County,  the  rocks  have  a  general  eastward 
dip.  To  the  southeast,  toward  the  town  of  Lebanon,  the  strata  are 
nearly  horizontal.  There  is  apparently  a  tendency  to  form  a  synclinnl 
trough  at  this  point.*'  The  water  from  the  catchment  basin  passing 
along  the  line  of  disturbance  extending  from  the  pegmatite  hill  to  the 
southwest,  through  the  lower  beds  of  the  Gasconade  limestone  (the 

a  There  seems  to  be  here,  as  elsewhere  in  the  Ozarks,  a  tendency  to  tondonal  strain,  or  twistinf,  in 
the  flexures,  which  would  operate  to  elevate  the  area  to  the  south  and  depress  that  to  the  north. 
This  would  account  for  the  absence  of  sprinm  and  the  great  depth  of  water-bearing  strata  to  the 
south,  aH  well  as  for  the  "extinct  spring"  a^  the  Vernon  Sink,  and  the  immense  aixe  of  the  springs 
to  the  northwest. 


miMh.]         BPRIK08    OF   DEOATUBVILLK  DOME,  MISSOURI.  119 

Third  Ma^esian  of  Swallow)  and  the  .Third  sandstone  of  Swallow 
below,  meet  the  drainage  from  the  west  in  this  syncline,  and  the  body 
of  water  thus  gathered  is  forced  to  the  surface  through  a  crevice  that 
his  been  gradually  enlarged  by  continued  erosion.  A  year  ago  a  field 
WIS  plowed  just  above  this  spring,  and  a  heavy  freshet  washed  down 
a  large  cjuantity  of  gravel  which  partially  stopped  its  outlet.  For 
several  hours  the  water  pushed  itself  through  this  obstruction  in  great 
iotermitteiit  jet^,  3  or  4  feet  high,  with  a  noise  that  could  be  heard  a 
quarter  of  a  mile  away. 

Bltie  Spring. — About  li  miles  north  of  this  point  is  Blue  Spring, 
situated  on  the  west  side  of  the  Niangua  River.  It  showed  a  tempera- 
ture of  59^  F.  when  the  air  temperature  was  70°  F.,  and  is  at  an  alti- 
tude of  about  900  feet.  It  issues  from  a  whitish,  clayey  sand,  and  is 
badly  choked  with  water  cress,  logs,  and  rubbish.  The  outcropping 
rocks  indicate  the  middle  or  lower  beds  of  the  Gasconade  limestone. 
It  has  a  flow  of  6,170,000  gallons  a  day. 

Sand  Spring. — About  a  quarter  of  a  mile  north  of  the  last  spring, 
on  the  same  side  of  the  river  and  in  the  same  geological  horizon,  is 
Sand  Spring,  at  about  the  same  altitude,  also  badly  choked  with  water 
cress,  and  with  a  flow  estimated  to  be  about  the  same  as  that  of  Blue 
Spring. 

S^ceet  frr  Big  Blue  Spring. — This  spring  is  in  the  northwest  corner 
of  Laclede  County,  in  the  NE.  i  of  the  NE.  i  of  sec.  30,  T.  36,  R.  17, 
at  an   altitude  of  about  850  feet.     The  temperature  of  the  water  was 
about  58^  F.  when  the  air  was  94°  F.     This  spring  issues  from  a  ver- 
tical cave  opening  at  the  base  of  a  bluff  40  feet  high;  probably  the 
lower  or  middle  beds  of  the  Gasconade  limestone.     It  has  been  sounded 
to  a  depth  of  160  feet.     The  water  is  clear,  cold,  and  free  from  weeds. 
It  flows  a  distance  of  150  feet  westward  into  Niangua  River.     About 
50  feet  farther  north  Sweet  Branch,  a  small,  sluggish  stream,  empties 
into  the  Niangua.     Sweet  Spring  is  but  about  5  feet  al)ove  the  level  of 
the  river  and  is  subject  to  overflow  at  every  rise  of  the  stream.     Situ- 
ated as  it  is,  at  the  junction  of  Sweet  Branch  and  the  Niangua,  it  is 
frequently  choked  with  sediment  from  these  two  streams.     Between 
the  spring  and  the  river  a  large  area  covered  with  treacherous  mud 
and  sand  indicates  that  the  basin  of  the  spring  was  once  much  larger 
than  it  now  is.     Farmers  in  the  vicinity  state  that  the  flow  has  decreased 
fully  one-half  within  the  last  few  years.     The  flow  was  calculated  at 
14,037,000  gallons  a  day.     This  spring  lies  just  north  of  the  extension 
of  line  of  disturbance  which  runs  southwestward  from  the  Decaturville 
uplift. 

Celt  Springs. — Situated  in  the  northeast  corner  of  Dallas  County,  7 
miles  northwest  of  Sweet  Spring,  are  found  three  large  springs  whose 
waters  unite  to  form  Mill  Creek.  These  were  not  visited,  hut  th^y 
undoubtedly  beJo/i^  to  the  dniirmge  system  of  the  pegmatite  hW\. 
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Hahxxtcnxka  or  Gunt^  Sprir^g. — This  spring  is  situated  9  miles 
nortliwest  of  the  pegmatite  hill  in  Camden  County,  sec.  2,  T.  SI, 
B.  17,  at  an  altitude  of  about  745  feet,  or  345  feet  below  the  height  of 
the  hill.  The  temperature  of  the  water  was  57°  F.  when  the  air  wm 
ggo  p  rpj^^  spring  issues  from  the  foot  of  a  bluflf  250  feet  high,  and 
after  running  for  about  800  feet  through  a  deep,  narrow  canyoD 
whose  walls  rise  at  one  point  to  a  height  of  a  little  over  300  feet,  ft 
empties  its  waters  into  an  artificial  lake,  covering  90  acres,  situatedii 
the  valley  of  the  Niangua.  A  small  island  about  100  feet  high  dividfi 
the  stream  near  its  outlet  into  the  lake.  The  scenery  in  the  vicinilj 
of  this  spring  is  extremely  picturesque.  The  spring  has  been  soundel 
to  a  depth  of  about  40  feet,  at  which  point  the  conduit  bends  to  the 
south.  The  spring  has  its  source  in  the  Gkisconade  limestone,  150  feefc 
below  the  base  of  the  Moreau  sandstone  (Second  sandstone  of  Swallow). 
It  is  very  difficult  to  measure  the  flow  of  this  spring,  owing  to  the 
irregularities  of  the  stream.  The  writer  calculated  14,760  cubic  feet  \ 
per  minute,  or  158,982,912  gallons  a  day.  A  Philadelphia  engineer 
estimated  13,800  cubic  feet  per  minute.  Professor  Shaw,  of  the  Engi- 
neering School  of  Missouri  State  University,  calculated  15,000  cuWc 
feet  per  minute,  while  Colonel  Scott,  an  electrical  engineer  residing 
at  Ilahatonka,  obtained  the  same  result  as  Professor  Shaw.  The  dis- 
trict in  the  vicinity  of  this  spring  possesses  great  interest  both  fromi 
scenic  and  a  geological  standpoint.  Evidences  of  great  erosion  from 
underground  waters,  showing  former  outlets  of  this  great  spring,  are 
everywhere  seen.  At  one  time  it  doubtless  had  its  outlet  at  the  Big 
Red  Sink,  one-half  mile  to  the  southwest.  A  few  hundred  feet  on  the 
other  side  of  the  bluff  from  which  the  spring  now  issues  is  a  sink,  150 
feet  deep  and  600  feet  long,  which  is  open  at  one  end  and  spanned  by 
a  great  natural  })ridge.  This  undoubtedly  marks  an  old  cavernous 
channel  of  the  great  spring.  In  fact,  most  of  these  sinks  and  canyons 
mark  the  site  of  ancient  cavernous  outlets. 

GidUn  SpruKj,  —This  spring  flows  out  of  a  bluff  of  Gasconade  lime- 
stone, about  1  mile  north  of  Hahatonka.  Its  water  is  clear  and  cold, 
and  its  flow  is  estimated  at  about  1,000,(K)0  gallons  a  day. 

Moxdder  Sprmg,^ — In  the  northeast  quarter  of  sec.  18,  T.  38,  B- 
17,  about  4  miles  northwest  of  Hahatonka  and  about  12  miles  north- 
west of  Decaturville,  is  Moulder  Spring,  heading  in  a  ravine  about  li 
miles  long  that  extends  northward  from  Niangua  River.  The  spring 
l)oils  up  strongly  from  a  l)ed  of  coarse  gravel  25  feet  in  diameter,  and 
is  estimated  by  Colonel  Scott  to  be  alK)ut  one-sixth  the  size  of  Haha- 
tonka Spring.  It  issues  from  the  Gasconade  limestone,  and  has  ite 
head  in  the  tilted  l)eds  which  surround  the  pegmatite  hill. 

Toronto*  Sprln^fat, — At  Toronto,  6  miles  northeast  of  Montreal,  in 

"The  writer  was  unable  to  visit  either  Moulder,  Cnllen.  or  Toronto  springH.  all  probably  belonglDJ 
to  thiH  system,  and  \»'  '  '    'Lionel  Scott,  of  Hahatonka,  for  data  couceming  them. 
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the  SW.  i  of  the  NE.  i  of  sec.  25,  T.  38,  R.  16,  are  several  large 
springs  tbat  boil  up  with  great  force  out  of  gravelly  beds  in  the  Gras- 
conade  limestone,  flow  eastward  a  short  distance,  and  empty  into 
Anglaize  River. 

Wet  Glaize  Springs. — ^These  are  two  fine  springs  situated  in  the 
NE.  i  of  sec.  24,  T.  37,  B.  15,  about  8  miles  a  little  north  of  east 
of  Dc^caturville.  One  is  located  near  the  foot  of  a  bluff  of  Gasconade 
limeiftone  40  feet  high,  and  the  other,  which  is  the  larger  of  the  two,  is 
aboQt  SOO  feet  farther  east,  rising  from  a  gravel  bed  at  about  the  same 
leveL  A  dam  16  feet  high  forms  a  pond  of  about  10  acres,  which 
eovers  these  two  springs.  As  the  pond  had  been  lowered  and  the 
gate  closed  just  before  the  writer  arrived  at  these  springs  it  was 
impossible  to  measure  their  flow,  but  from  what  could  be  learned  in 
regard  to  them  it  is  probable  that  their  capacity  is  about  40,000,000 
gallons  a  day.  As  described  by  their  owner,  they  both  boil  up  with 
ooDsiderable  force  out  of  gravel  beds,  rolling  and  tossing  up  large 
pebbles.  Their  location  can  be  marked  on  the  surface  of  the  pond 
from  the  disturbance  of  the  waters.  They  also  receive  their  supply 
from  the  catchment  basin  around  the  pegmatite  hill  and  the  cavernous 
Gasconade  limestone,  which,  with  the  Third  sandstone  of  Swallow, 
forms  a  great  reservoir  for  all  this  spring  system.  Their  altitude  is 
aboat  825  feet,  or  265  feet  below  the  outcrop  of  pegmatite. 

Camp  Ground  Spring, — ^This  spring  is  located  about  one-half  mile 
south  of  the  Wet  Glaize  Springs.  A  large  basin  has  been  hollowed 
out  from  the  side  of  the  hill  by  this  spring,  which  boils  up  from  a  bed 
of  gravel  in  a  remarkable  manner.  It  issues  from  a  number  of  holes 
about  5  inches  in  diameter,  raising  and  tossing  the  gravel  with  great 
force  and  making  the  surface  of  the  spring  somewhat  resemble  a  caul- 
dron of  boiling  water.  The  water  temperature  was  55^  F.  when  the 
air  wa«  84'-'  F.  The  flow  could  not  be  determined,  owing  to  the  masses 
of  water  cress  that  choked  the  outlet.  It  is  stated  that  it  takes  thirty- 
six  hours  after  a  heavy  rain  for  this  spring  to  show  an  increase  in  its 
flow. 

Armstrong  Springs. — These  are  situated  aljout  9  miles  a  little  south 
of  east  of  Decaturville,  and  are  at  an  altitude  of  about  895  feet. 

£Zto  or  West  Spring.— Thin  is  located  in  the  NW.  i  of  the  NE.  i  of 
sec.  6,  T.  36,  R.  14.  The  temperature  of  the  water  was  56^  F.  when 
the  air  was  86^  F.  The  water  boils  up  powerfully  from  holes  in  the 
rock,  one  of  which,  3  feet  in  diameter,  has  been  sounded  to  a  depth  of 
30  feet.  A  bluff  of  Gasconade  limestone,  50  feet  high,  outcrops  just 
above  this  spring.  The  flow  was  eulculated  to  be  19,112, 896  gallons  a 
day.  About  12  hours  after  a  heavy  rain  the  volume  increases,  and  the 
waters  become  slightly  turbid. 

Lizzie  or  East  Spring. — This  rises  from  a  deep,  narrow  gOTge,  oxv 
the  side  of  the  valley  opposite  the  Ella  Spring.     Its  flow  wa»  ealim^Xj^di 
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to  1)6  al>out  3,000,000  gallons  a  day.    The  temperature  of  the  water 
was  5H^  F.  when  that  of  the  air  was  90*^  F. 


SINKS. 

Venum  Shiht. — About  8  miles  a  little  east  of  south  of  DecatunriU 
are  several  sink  holes  of  considerable  interest.  These  lie  in  a  line  awa; 
from  the  pegmatite  outcrop,  in  sec.  18,  T.  35,  K.  15.  The  main,  o 
Vernon  Sink,  is  about  120  feet  in  diameter,  and  about  50  feet  deep  t 
the  water  level.  In  very  dry  times  the  water  level  sinks  40  feet  m 
exposes  a  cave-like  opening  that  extends  800  feet  or  more  on  an  inclin 
due  west.  A  drill  well  was  sunk  about  200  feet  west  of  this  sink  toi 
depth  of  60  feet,  and  reached  the  cave  opening.     A  pump  was  inserted 


WEST ^ 

Fig.  31.— Diii^raminatic  croflR  section  of  Vernon  Sink. 

and  the  water  obtained  is  constantly  used,  being  clear  and  cold  an( 
never  muddy  or  turbid.  It  is  possible  that  this  may  be  the  mouth  o: 
a  former  outlet  of  the  Decaturville  system  of  springs,  the  water  leve 
standing  at  an  altitude  of  about  1,080  feet,  10  feet  below  the  catchmen 
basin.  Some  of  the  enormous  springs  in  southern  Morgan  County 
and  in  western  Miller  and  Pulaski  counties,  possibly  belong  to  thb 
system,  and  will  furnish  interesting  material  for  future  study. 

ARTESIAN   WELLS. 

In  addition  to  the  springs  that  have  been  described,  artesian  weft 
may  be  expected  in  this  district  wherever  the  general  surface  of  tb 
country  is  sufficiently  l)elow  the  level  of  the  catchment  basins.  Mr 
J.  N.  Kennett,  of  Decaturville,  sunk  a  drill  hole  300  feet  for  ore  one 
third  of  a  mile  noitheast  of  the  pegmatite  hill  and  40  feet  lower  tha 
that  elevation.     A  weak  flow  of  water  was  struck  at  200  feet.     On  th 
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soDth  e<^e  of  Hahatonka  Lake,  Colonel  Kellogg  sunk  a  drill  hole  for 

mineral  to  a  depth  of  864  feet     Water  rose  in  this  pipe  30  feet  above 

the  ^^round  and  threw  a  jet  6  feet  higher.    The  strong  flow  was  struck 

at  840  feet,  but  the  force  has  gradually  decreased  until  the  water  only 

flows  gently  over  the  pipe  at  the  surface  of  the  ground.    This  water 

is  slightly  charged  with  sulphuretted  hydrogen.     It  is  to  be  noted  that 

elsewhere  artesian  wells  from  this  formation  are  strongly  saline,  and 

highly  charged  with  sulphuretted  hydrogen,  the  absence  of  which  in 

this  region  is  significant  of  one  of  the  great  changes  wrought  by 

powerful  underground  drainage.    The  Rush  artesian  well,  on  the  west 

side  of  Banks  Creek,  about  2  miles  southwest  of  Hahatonka  and  at 

about  the  same  altitude  as  the  Kellogg  well,  was  sunk  to  a  depth  of 

780  feet.     Water  rises  30  feet  above  the  ground,  the  first  flow  having 

been  struck  at  630  feet.    The  water  temperature  is  69^  F.  when  the 

air  is  84^  F.     There  is  a  slight  odor  of  sulphur.    The  flow  of  this  well 

has  never  decreased.    The  Scott  well,  one-eighth  of  a  mile  north  of  the 

Rash  well,  on  Banks  Creek,  was  sunk  to  a  depth  of  740  feet.    The  first 

water  w^as  struck  at  680  feet,  and  it  flows  only  slowly  from  the  pipe  at 

the  surface  of  the  ground.    The  last  three  wells  all  passed  through 

beds  of  siliceous  limestone,  only  the  Kellogg  well  entering  sandstone 

(Third  sandstone  of  swallow)  to  a  depth  of  3  feet.    These  wells  show 

the  enormous  thickness  of  the  Gasconade  limestone  at  this  point. 

Another  artesian  well,  situated  in  the  big  bend  of  the  Osage,  in  the 

XW.  i  of  sec.  22,  T.  40,  R.  18,  was  sunk  to  a  depth  of  800  feet,  and 

obtained  a  strong  flow  of  water.     This  well  was  not  visited,  but  it 

probably  belongs  to  the  Decaturville  drainage  system. 

SURFACE   WATERS. 

The  region  around  Decaturville,  bounded  by  Bennett,  Sweet,  Haha- 
tonka, Wet  Glaize,  and  Ai-mstrong  springs,  is  almost  destitute  of  sur- 
face water,  the  inhabitants  being  dependent  for  their  supply  upon  ponds, 
cisterns,  and  a  few  drilled  wells.  For  example,  Mr.  Haun,  who  lives 
between  Sweet  Spring  and  Decaturville,  drilled  130  feet,  and  has  only 
from  3  to  6  feet  of  water,  which  is  quickly  pumped  dry.  The  little 
town  of  Eldridge,  nearby,  is  wholly  dependent  on  cisterns  and  ponds 
for  water.  Mr.  F.  M.  Cossairt,  at  Chauncey,  Camden  County,  6  miles 
due  north  from  Decaturville,  sunk  a  well  144  feet  deep,  and  struck 
water  at  119  feet,  at  which  level  it  remains.  He  states  that  wells  in 
this  vicinity  reach  water  at  depths  ranging  from  100  to  125  feet,  and 
generally  have  to  go  to  sandstone.  At  Lebanon,  15  miles  due  south 
of  Decatui-ville,  in  a  well  sunk  to  a  depth  of  1,000  feet,  the  water 
stands  360  feet  below  the  surface.  About  5  miles  west  of  Lebanon, 
at  nearly  the  same  altitude,  a  farmer  sunk  a  well  420  feet  deep,  in 
which  water  stands  400  feet  below  the  surface.  A  pump  can  not 
lower  it 
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COMPOSITION  OF  SPRING  WATERS. 

Partial  quantitative  analyses  of  a  number  of  the  springs  of  the 
Decaturville  system  show  a  nearly  uniform  composition  quite  simikr 
to  that  of  the  Lebanon  ^^ Magnetic-'  well,  except  in  a  slight  increiM 
in  chlorides.^ 

The  following  is  the  analysis  of  the  Lebanon  well,  made  by  Mr. 
L  G.  £akins,  of  the  U.  S.  Geological  Survey: 

Analysis  of  water  from  Lebanon  weiL 

PMixpa' 
mUlioo. 

Silica 11.2 

Alumina 32. 0 

Sodium  chloride Trace. 

Magnesium  sulphate 6.0 

Ferrous  carbonate Trace. 

Calcium  carbonate 81.1 

Magnesium  carbonate 52.8 

Sodium  carbonate 29.1 

Total  solids 212.2 

Free  carbonic  acid 09.8 

I 
CHERT  BEDS. 

One  of  the  most  interesting  deductions  drawn  from  the  study  of  tbe 
underground  waters  of  this  region  is  their  probable  connection  will 
the  origin  of  the  enormous  beds  of  chert  that  occur  here.  Thoagh 
this  point  can  be  but  briefly  touched  upon  at  this  stage  of  the  inve^ 
gation,  it  should  not  be  left  without  notice.  All  who  have  visited  this 
region  have  observed  its  wonderful  deposits  of  chert,  particularly  in 
the  Jefferson  City  and  Gasconade  limestones.  These  formations  are 
usually  largely  dolomitic,  particularly  the  Jefferson  City  limestone, 
which  contains  large  masses  of  dolomite  (*' cotton  rock").  In  the 
district  surrounding  Decaturville,  however,  the  dolomite  is  almost 
entirely  absent,  and  beds  of  chert  seem  to  have  taken  its  place,  espe- 
cially above  and  below  the  sandstone  horizons.  The  chert  beds  are  of 
great  thickness,  and  are  composed  of  knotted,  irregular,  frequently 
lenticular,  sometimes  agatized,  shattered  masses.  Frequently  these 
shattered  maases  are  recemented  into  chert  breccias.  The  shattering 
and  cementing  by  resilicification  of  the  chert  beds  in  many  places  is 
another  evidence  of  the  second  uplift,  before  referred  to,  in  this  region* 

The  writer  has  long  believed  that  many  of  our  chert  deposits  have 
been  formed  by  replacement,  and  the  evidence  in  this  district  points 
strongly  to  this  conclusion.  Briefly,  it  may  be  stated  that  during  th^ 
period  of  the  uplift  of  the  pegmatite  boss,  the  great  heat  generate^ 

a  The  presence  of  nodlum  carbonate  in  the  waters  of  this  district— an  oniumal  occurrence  elsewhei^ 
in  these  formations— is  significant  of  its  probable  source  from  the  albite  (soda  feldspar)  of  the  pegm» 
tite;  and  the  same  fact  also  calls  attention  to  the  probable  magnitude  of  the  pegmatite  boss. 
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Ained  by  the  supenncumbent  beds  (since  eroded),  and  that  per- 
g  water,  intensely  heated,  aided  by  the  alkalies  derived  from 
composed  feldspar  and  lime,  dissolved  from  the  rocks  their 
vbicb  gradually  replaced  the  lime  and  magnesia  in  the  dolomites 
1  verted  them  into  cherts.  This  replacement  seems  to  have  been 
lly  marked  above  and  below  the  sandstone  horizons — so  much 

0  make  it  very  difficult  to  separate  the  Moreau  sandstone  from 
.sconade  limestone  below,  and  the  Gasconade  limestone  from 
nter  sandstone,  by  which  it  is  underlain,  for  the  reason  that  the 
lade  limestone  merges,  through  massive  chert  beds,  into  the  sand- 
lorizons,  both  above  and  below.  This  is  so  strikingly  the  con- 
in  Miller  County  that  State  Geologist  Buckley,  in  his  report 
ler  County,  now  in  press,  includes  the  Moreau  sandstone  (Sec- 
ndstone  of  Swallow),  a  part  of  the  Jefferson  City  limestone 
d  Magnesian  of  Swallow),  and  part  of  the  Gasconade  limestone 

Magnesian  of  Swallow)  in  one  formation,  which  he  has  named 

.  Elizabeth  formation,  or  complex.**    It  will  be  noted  that  this 

chert  replacement  predominates  along  the  main  line  of  water 

1  both  sides  of  the  sandstone  horizons. 

study  of  the  Decaturville  dome  has  led  the  writer  to  believe  that 
^ociation  of  massive  chert  beds  with  several  other  great  spring 
ts  in  the  Ozarks  has  a  deeper  significance  than  that  which  is 
''  recognized  in  considering  these  beds  as  merely  the  reservoirs 
nnels  for  the  distribution  of  underground  waters,  and  it  is 
that  this  brief  sketch  may  throw  some  light  on  the  origin  of  the 
leds,  as  well  as  emphasize  the  importance  of  underground  drain- 
a  geologic  agent. 

»  Biennial  Report  of  the  State  Oeologiat  of  Missouri  to  the  Forty-second  General  Assemblyt 
City,  1903.  p.  14. 


WATER  RESOURCES  OF  FORT  TICONDEROGA 
QUADRANGLE,  VERMONT  AND  NEW  YORK 


By  T.  Nelson  Dale. 


INTRODUCTION. 


Geography, — ^The  Fort  Ticonderoga  quadrangle  !«  located  on  the  ^ 
Vermont-New  York  boundary  line,  about  midway  of  the  length  of  - 
Vermont.  Three-fourths  of  its  area  is  in  Vermont  and  the  remainder  ' 
in  New  York.  It  comprises  four  small  quadrangles — the  Ticondcroga,  ^ 
Brandon,  Whitehall,  and  Castleton — each  of  which  contains  about  285  \ 
square  miles.  The  area  includes  considei-able  portions  of  Rutland  and  ' 
Addison  counties,  Vermont,  and  of  Essex,  Warren,  and  Washington 
counties,  New  York.  The  principal  towns  are  Ticonderoga  and  White- 
hall in  New  York,  and  Proctor,  Brandon,  Poultney,  Fair  Haven,  and  i 
West  Rutland  in  Vermont. 

Relief, — The  relief  of  the  region  varies  froni  an  altitude  of  100  feet 
near  the  shores  of  Lake  Champlain  to  over  2,700  feet  a  few  miles 
southwest  of  West  Rutland.  Roughly  it  may  be  divided  into  three 
belts — an  eastern  belt  lying  mainly  east  of  a  line  extending  from  E^t 
Middlebury,  through  Bomoseen  Lake,  to  Poultney;  a  middle  belt 
lying  between  the  eastern  belt  and  Lake  Champlain,  and  a  western  , 
belt,  west  of  Lake  Champlain.  The  first  includes  the  northern  end  of 
the  Taconic  Range,  which  consists  of  high,  irregular  ridges  and  isolated 
hills,  several  points  of  which  reach  2,000  feet  or  more,  and  one,  Her- 
rick  Mountain,  rises  to  over  2,700  feet.  It  includes  also  in  its  northern 
half  a  part  of  the  west  side  of  the  Green  Mountain  Range,  consisting 
of  ridges,  with  Mount  Moosalamoo  rising  to  over  2,600  feet.  In  the 
second  belt  the  land  generally  varies  from  100  to  1,000  feet  in  altitude. 
Many  extensive  terraces  are  developed  at  altitudes  between  300  and 
550  feet.  Above  these  many  hills  rise  to  a  level  of  1,000  feet  or  more 
Much  of  the  area  is  covered  by  a  considerable  thickness  of  drift  which 
has  much  modified  the  topography  of  the  region.  The  third  belt  is 
mountainous,  with  maximum  elevations  varying  from  1,400  feet  in  the 
northern  part  of  the  area  to  1,900  feet  in  the  southern  part.  The 
major  features  of  the  topography  are  due  to  rock  structure  or  compo- 
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ntion,  but  .some  arc  due  to  ice  action  or  to  Glacial  or  |K)st-Glacial 
lei)o.sits. 

I}ra!nayf\ — The  drainage  of  the  southern  half  of  the  area  is  west- 
ward to  I^akc  Champlain  and  then  northward  to  the  St.  Lawrence, 
tn  the  northern  half  it  is  northward  by  I>ake  Champlain  and  Otter 
Jreek.  Two  other  considerable  streams — the  Middleburv  and  I^ices- 
icr  rivers —besides  Mill  Brook,  a  smaller  stream  farther  south,  issue 
Prom  the  mountains  and  empty  into  Otter  Creek.  These  streams  drain 
1  considerable  region  lying  east  of  the  quadrangle,  and  comprise  the 
:>utput  of  inimmerable  forest  springs  and  rivulets. 

WATER   SUPPLIES. 

General  coiulltiims, — The  southern  half  of  western  Vermont  is  gen- 
irally  well  watered,  both  because  of  a  copious  rainfall  and  because  of 
the  presence  of  two  mountain  ranges — the  Taconic  on  the  west  and  the 
Grreen  Mountain  on  the  east — which  are  both  well  wooded  and  drained 
by  numerous  brooks.  As  the  Taconic  Range  ends  in  about  the  center 
>f  the  quadrangle,  one  of  the  chief  sources  of  water  supply  there 
ceases,  the  conditions  becoming  very  different  farther  northward. 

The  western  border  of  the  Green  Mountain  Range,  with  the  excep- 
aon  of  certain  deforested  tracts  in  Goshen  and  minor  clearings  in 
Kipton,  is  densely  forested,  and  is  therefore  rich  in  springs  and  brooks, 
10  that  the  question  of  water  supply  in  the  eastern  third  of  the  quad- 
mngle  is  rarely  a  serious  one.  In  fact,  no  one  familiar  with  this  area 
an  fail  to  be  impressed  with  the  abundance  and  purity  of  the  water. 

Cold  HpringH  and  hrooks. — Some  of  the  water  is  unusually  cold, 
ibout  three-fourths  of  a  mile  southwest  of  Brandon  village  is  a  well 
lug  in  a  mass  of  glacial  gravel,  the  pebbles,  of  which  are  cemented 
:ogether  by  calcium  carbonate,  forming  a  (juasi  conglomerate.  This 
irell  has  long  attracted  attention  on  account  of  the  very  low  tempera- 
tare  of  its  water  throughout  the  summer  months,  and  has  also  been 
investigated  by  geologists."     It  is  known  locally  as  ''the  frozen  well." 

As  pertinent  to  this  subject,  although  belonging  to  the  Mettawee 
quadrangle,  the  following  data  are  added:  Three-fourths  of  a  mile 
northwest  of  the  top  of  Dorset  Mountain  and  l,7oO  feet  below  it,  in  the 
township  of  Danby,  is  a  brook  of  crystal  purity,  in  which  the  tem- 
perature on  Septem>>er  22,  1S91,  was  but  little  al)ove  that  of  ice  water. 
As  the  top  of  Dorset  Mountain  is  only  8,804  feet  high  the  following 
explanation  was  adopted:  The  sunmiits  of  the  Taconic  range  usually 
consist  of  shattered  schist  ledges  covered  with  thick  moss  and  forest. 
Ice  formed  l)etween  the  l)locks  in  winter  may  be  protected  by  the  dense 
vegetation  and  may  be  the  source  of  such  ice-water  !)r()oks.  Ice-water 
•springs  also  occur  occasionally  at  the  foot  of  exposed,  sun-heated  slate- 
quarry  dumps  in  Washington  County,  N.  Y.,  in  places  where  no 

a  See  Hitchcock  and  Hager,  Kept.  Oeol.  Vennont.  vol.  1,  1861.  pp.  192-208. 
IM  110-05—9 
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mountain  dniinago  could  possibly  eonie.  These  springs  also  mainUin 
a  low  toiupeniturc  throughout  the  hot  summers.  Another  brook ol 
low  teniiKM-jituro,  known  iis  Cold  Brook,  occurs  3i  miles  southeast  of 
Dorset  Mountain,  in  Dorset  Hollow.  On  July  30,  1900,  a  very  hot 
day,  it  was  cold  enough  to  form  a  mist  about  itself.  It  issues  from 
a  limestone  rave,  through  which  its  course  lies  for  one-half  to  ono- 
fourth  of  a  mile,  and  which  is  at  times  presumably  more  or  less  tilled 
with  snow  or  ice. 

Tfnni  HuppUcfi. — Bt»cause  of  the  vitiation  of  the  water,  owing  to  the 
building  of  towns,  a*^  in  the  case  of  the  portion  of  Otter  Creek  below 
Rutland  and  Proctor,  streams  are  no  longer  safe  sources  of  drinking 
water.  This  has  l)e(Mi  amply  demonstrated  by  the  prevalence  of 
typhoid  at  Middlel)ury,  just  north  of  this  quadrangle,  as  long  as  Otter 
Creek  waiter  was  used,  and  by  it^  cessation  as  soon  as  that  use  ceased. 
Where  springs  or  brook.-^are  not  available,  shallow  wells,  especially  in 
the  lowlands,  usually  obtiiin  sufficient  supplies.  The  practical  utiliza- 
tion of  springs  as  a  source  of  water  supply  has  been  demonstrated 
within  a  few  years  at  two  points  north  and  south  of  this  quadrangle. 
Water  hjis  been  brought  from  a  spring  on  Niquaket,  a  mountain  a 
mile  north- northeast  of  the  southeast  corner  of  the  quadrangle,  through 
pipes  for  a  distance  of  over  4  miles  to  the  village  of  Pittsford,  which 
is  located  on  a  sandy  terrace  180  to  150  feet  above  Otter  Creek.  A 
similar  system  now  supplies  the  village  of  Middlebury  with  water  from 
a  spring  on  the  (ireen  Mountain  range.  But  for  the  use  of  Silver 
Lake  (altitude  1,241  feet)  as  a  summer  resort,  it  would  be  admirably 
adapted  for  a  similar  purpose,  as  it  is  a  natural  reservoir  fed  by  forest 
mountain  springs. 

GcoliHjy  of  the  suppfie^, — The  geologic  structure  of  Otter  Creek 
valley  seen)s  unfavorable  for  artesian  wells  because  the  marble  and 
dolomite  beds,  which  underlie  its  gnivel  and  clay,  generally  lie  in  small 
and  overturned  folds.  It  is  possible,  however,  that  borings  which 
should  penetrate  that  formation  (l,0<)0  feet  or  more  thick)  and  the 
underlying  (fuarzite  and  schist  (1,6(X)  feet  or  over)  to  the  Imsal  gneis 
of  the  Green  Mountain  range  (pre-Cambrian)  might  Im?  productive. 

There  is  a  longitudinal  l)elt  about  7  miles  wide,  measured  westward 
from  the  foot  of  the  (ireen  Mountain  range,  underlain  by  dolomite  and 
mar])le,  in  which  any  wells  reaching  those  beds  would  inevitably  fu^' 
nish  water  more  or  less  calcareous.  There  are  also  on  the  Green 
Mountain  range  areas  of  dolomite  which  w^ould  have  a  like  effect 
Such  an  area  covers  about  r>  square  miles  at  the  southeast  corner  of  the 
quadrangle.  A  narrow^  strip  of  dolomite  extends  also  5  miles  from 
Sucker  Brook  south,  inclosing  Silver  Lake,  and  must  needs  add  8 
small  percentage  of  lime  to  the  tributarie,s  of  Mill  and  Sucker  brooks 
The  nx'ks  of  the  Green  Mountain  range,  with  rare  intercalations  o 
dolomite,  are  in  other  places  quartzose,  micaceous,  and  feldspathic,  an( 
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are  thus  adapted  to  furnish  the  very  best  of  water,  except  where 
springs  or  brooks  drain  extensive  swaraps  and  add  organic  matter. 
The  occasional  disappearance  of  brooks  into  c^ves  in  the  limestone 
ureas  is  a  factor  which  should  be  taken  into  consideration  in  some  of 
he  hydrographic  problems. 

In  the  lower  levels  of  the  towns  of  Orwell,  Whiting,  and  Cornwall, 
long  the  western  edge  of  the  quadrangle,  plastic  clays,  which  prob- 
bly  formed  the  sea  bottom  of  the  Lake  Charaplain  region  during  the 
Champlain  submergence,"  introduce  conditions  very  different  from 
lose  prevailing  along  the  foot  of  the  Green  Mountain  range,  where 
le  superficial  deposits  are  generally  more  sandy.  The  effect  of  these 
npervious  clays,  together  with  that  of  deforestation  in  the  last  gener- 
bion  or  two,  has  been  to  bring  about  great  scarcity  of  water.  This 
\  very  apparent  in  the  northern  part  of  the  middle  belt,  where  driven 
rells,  reaching  to  or  into  the  shales  underlying  the  clays  and  oper- 
ted  by  windmills,  are  a  necessity  on  many  farms,  and  where  the  rarity 
f  public  watering  troughs  on  the  highways  is  as  marked  as  the 
K)verty  of  the  brooks. 

Water  poicer. — East  Middlebury  River,  Mill  Brook,  and  Leicester 
liver  have  long  been  utilized  in  a  small  way  for  driving  sawmills  and 
)ther  wood-working  machinery,  etc.  The  fall  of  all  these  streams  is 
»Dsiderable.  Middlebury  River  falls  517  feet  between  Ripton  and  Ekist 
Middlebury,  a  distance  of  not  quite  3  miles.  Leicester  River,  the  out- 
let of  Lake  Dunmore,  falls  171  feet  in  its  course  of  U  miles  from  the 
lake  to  Salisbury  village.  Mill  Brook  falls  636  feet  between  Goshen 
ind  Forestdale,  a  distance  of  3  miles.  Besides  the  above,  and  as  yet 
ttot  utilized  for  power,  there  is  Sucker  Brook,  which  has  a  fall  of  529 
feet  in  a  distance  of  1^  miles  above  Lake  Dunmore.  Silver  Lake,  the 
cmtlet  of  which  flows  into  Sucker  Brook,  is  670  feet  above  Lake  Dun- 
more. The  narrow  gorges  through  which  these  streams  flow  and  their 
preatly  swollen  condition  in  spring  offer  difficulties,  however,  which 
must  be  considered  in  any  scheme  for  their  complete  utilization. 


WATER  RESOURCES  OF  THE  TACONIC  QUA1> 
RANGLE,  NEW  YORK,  MASSACHUSETTS, 
VERMONT." 


By  F.  B.  Tayix)K. 


INTRODUCTION. 


GeiHjraphy, — The  center  of  the  Taconic  quadrangle  falls  almoj^t 
exactly  on  the  point  at  which  the  States  of  New  York,  Massachusetts 
and  Vermont  come  together.  The  area  included  is  about  35  miles  long 
from  north  to  south,  and  20  miles  wide  from  east  to  west,  containing 
a  little  over  9()<>  sciuare  miles.  The  region  lies  mainlj-  in  Rensselaer 
C-ounty,  N.  Y.,  Berkshire  County,  Mass.,  and  Bennington  County, 
Vt.  North  Adams,  Mass.,  Bennington,  Vt.,  and  Hoosick  Falls,  N.  Y., 
arc  the  leading  towns. 

Relief,  -All  of  the  land  of  the  quadrangle  is  moderately  high,  except 
along  the  larger  streams,  where  it  is  sometimes  as  low  as  350  feet 
above  sea  level.  The  area  is  mountainous,  except  in  the  western  third, 
the  ranges  having  a  trend  a  few  degrees  east  of  north.  The  principal 
mountain  masses  are  the  Hoosac  on  the  east,  rising  to  a  maximum 
height  of  about  2,8(X)  feet,  Creylock,  and  the  Green  Mountains  in 
western  Massachusetts  and  Vermont,  rising  to  heights  of  from  2,500  to 
3, 700  feet,  and  the  Taconic  Mountains,  along  the  New  York  boundan' 
line,  rising  from  2,200  to  2,800  feet.  The  western  third  of  the  quad- 
rangle partakes  of  the  nature  of  a  compound  plateau,  the  northern 
portion  sttmding  at  an  altitude  of  from  800  to  1,200  feet,  and  the 
southern  at  from  1,500  to  l,hOO  feet.  The  topographic  expression  of 
the  region  depends  to  a  considerable  degree  upon  the  structure  and 
composition  of  the  rocks. 

Drainage, — The  drainage  of  nearly  the  entire  area  of  the  quadrangle 
is  by  the  Hoosic  River  northwestward  to  the  Hudson  River  above  Troy- 
A  small  area  in  the  southwest  portion,  however,  drains  southwestward 
to  the  Hudson,  25  miles  below  Albany. 

WATER    RESOURCES. 
8URFICIAL   WATEIW. 

The  surface  waters  include  all  the  running  and  ponded  surface  water 
which  result  from  rains  and  melting  snows  or  which  are  fed  by  springs 

«The  field  work  on  tlu*  mirficial  geology  of  thinquttdniiigle  Utonly  Hl>out  half  completed,  theunfli 
ishcd  i»art  being  eon(lne<i  mainly  to  the  we«t«rn  half.  The  conditions  as  regardin  water  supply  ar 
however,  much  the  same  throughout  the  area. 
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Rainfall. — The  mean  annual  minfall  of  this  area  is  about  42  inches, 
kilt  the  rainfall  varies  by  :^5  to  4o  |)er  cent  of  this  amount  Injtween 
extremes  in  ditTerent  years. 

Water  jHftrri\—T\\{i  relief  of  this  area  is  considemble,  the  altitudes 
ranging  from  3,704  feet  above  tide  on  Glastenbury  Mountain,  and 
3,505  feet  on  Greylock  Mountain,  to  about  300  feet  above  tide  on 
Hoosic  River,  where  it  passes  out  of  the  quadrangle.  Many  of  the 
smaller  streams  descend  1,500  to  2,000  feet  in  a  few  miles  and  affoi*d 
excellent  opportunities  for  the  development  of  small  water  powers. 
The  mountains  are  mostly  forest  clad,  so  that  the  run-off  of  rain  water 
is*  somewhat  checked  and  opportunity  is  atforded  for  its  absorption 
into  the  glacial  drift,  and  to  some  extent  into  the  rocks.  The  drift, 
though  patchy  and  irregular  in  thickness  and  distribution,  covers  most 
of  the  surface,  except  the  steep  slopes  and  the  highest  knobs  and  ridges. 
In  a  general  way  the  drift  is  slightly  coarser  and  more  porous  on  the 
mountains  than  in  the  valleys.  The  rocks — mainly  gneisses,  quartzites, 
and  schists  in  the  mountains — are  not  of  thenLselves  porous  enough 
to  absorb  much  water,  but  they  are  cut  by  numerous  joint  cracks,  and 
some  of  the  rainfall  finds  its  way  into  these,  from  which  it  issues  in 
springs.  The  great  number  of  perennial  mountain  brooks  shows  that 
the  drift  and  the  rocks  are  effective  reservoirs  for  water  storage. 

The  Hoosic,  the  largest  river,  crosses  the  quadrangle  diagonally  from 
southeast  to  northwest.  It  descends  within  the  area  from  an  altitude 
of  about  1,100  feet  above  tide  to  300  feet.  The  principal  water  powers 
on  this  river  are  at  Adams,  North  Adams,  and  Hoosick  Falls,  though 
there  are  several  others  at  smaller  villages,  such  as  Cheshire,  Bmyton- 
ville,  Blackinton,  Williamstown  Station,  and  North  Pownal.  The 
other  principal  water  powers  in  this  area  are  on  the  Walloomsac  at 
Bennington,  Papermill  Village,  and  North  Iloosick;  on  Paran  Creek  at 
North  Bennington;  on  Green  River  at  Williamstown,  and  on  the  north 
branch  of  the  Hoosic  at  Briggsville  and  in  North  Adams.  Small  pow- 
ern  are  also  used  at  Hancock  and  Garfield  on  Kinderhook  Creek,  at 
Berlin  and  Petersburg  on  the  Little  Hoosic,  and  at  South  Shaftsbury 
on  Pkran  Creek.  liesides  these  there  are  a  great  many  smaller  devel- 
opments of  f>ower  for  private  use  in  all  parts  of  the  area.  Many 
farmers  utilize  brooks  for  power  to  run  dairy  and  grinding  machinery. 
The  demand  for  power  on  the  rivers  is  greater  than  the  supply,  so  that 
even  when  the  streams  are  at  more  than  their  average  volume  the  sup- 
ply is  insufficient  for  the  mills  of  the  larger  towns.  In  dry  seasons 
the  supply  is  much  reduced,  but  does  not  fail  altogether. 

Lakes  and  pomh, — Natural  ponds  are  not  so  numerous  in  this  area 
*s  in  some  other  parts  of  New  England.  There  are  about  30,  large 
*nd  small,  shown  on  the  map,  and  some  artificial  ones  also.  Only  two 
or  three  are  as  long  as  1  mile.  The  largest  is  Pontoosuc  Lake,  on  the 
southern  boundary,  but  this  lies  mostly  outside  of  the  quadrangle  and. 
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its  outlet  is  southward.  The  level  of  umDV  ponds  has  been  raised  by 
diiins  so  as  to  increase  their  capacity  as  reservoirs,  and  other  re^servoire 
liave  })een  made  by  damming  narrow  valleys.  The  largest  reservoir, 
which  is  just  south  of  Cheshire,  is  3  miles  long  and  one-fourth  to 
one-third  of  a  mile  wide. 

City  and  dameHtic  truter  supplies. — So  far  as  known  all  the  cities  and 
most  of  tlie  villages  get  their  water  supply  from  mountain  brooks. 
Some  farmers  get  their  water  from  brooks,  but  most  of  them  derive 
their  supply  from  springs. 

UNDBRCIROUKD   WATERS. 

Except  so  far  as  revealed  by  springs,  nothing  is  known  of  the 
distri})ution  or  quality  of  the  underground  water's  of  this  area.  The 
water  of  the  mountain  springs,  whether  issuing  from  drift  or  from  the 
rock,  is  generally  of  ex(*ellent  quality.  No  Iwred  wells  have  yet  been 
noted  within  the  area  and  dug  wells  are  few.  Those  seen  were  all 
sunk  into  the  drift,  generally  to  depths  less  than  20  feet.  In  the  rela- 
tively low  area  north  and  west  of  Bennington  and  Hoosick  Falls  wells 
are  probably  more  common,  but  most  of  this  area  remains  to  be 
investigated.  In  a  general  way  the  chanu*ter  of  the  rocks  and  the 
geologic  structure  seem  to  afford  no  certain  promise  of  success  in 
}K)ring  artesian  or  tlowing  wells.  The  artesian  wells  at  Dalton,  a  few 
miles  south  of  this  (piadrangle,  appear  to  flow  from  a  great  fault  crack 
which  was  struck  accidentalh'  by  an  exi>erin:ental  boring. 

Allnrrn/  sprutgfi, — The  only  important  mineral  spring  thus  far  noted 
is  Sand  Spring,  on  the  north  side  of  Broad  Brook,  about  H  n^i'**^ 
north-northwest  of  Williamstown  station.  The  following  information 
relating  to  this  spring  was  obtained  from  Dr.  S.  Louis  Lloyd,  who 
owns  th(»  spring  and  runs  a  sanitarium  and  baths  at  that  place.  The 
spring  boils  uj)  through  white  sand  and  flows  400  gallons  a  minute 
without  noticeable  variation,  even  during  periods  of  extreme  drought. 
The  temperature  of  the  water  is  70  F.  winter  and  summer.  Its 
purity  and  mineral  contents  give  it  valuable  medicinal  properties  for 
both  drinking  an<l  bathing.  A  circular  issued  by  the  proprietor  gives 
the  following  analyses,  made  by  Leverett  IL  Mears,  professor  of 
chemistry  in  Williams  College: 

Cheinicdl  nnnbfHh  of  irnUvr  of  Sand  Spriiiffx. 

l»nrt.s  per  100,(XW. 

Lithium  chloride 0. 0S!<\ 

So<liiiin  cliloride 07H8 

Aoid  (ttlc'iiiin  carbonate 3. 2249 

Acid  iniignefiium  carl)onatc 2.  ()479 

Calcium  Huli)hatc 7262 

Aluminum  senijuioxide 0325 

Iron  K<?s<|uioxido 0()75 

Silica 7026 

Soilium  (iirl)onato 4641 

7.9178 
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Sdnitarij  (tnalysh, 

PartM  i>er 
100.  QUO. 

Color,  ocior  ami  eeclimont None 

I  Total 12. 6200 
Volatile 2. 4600 
Fixe<l 10.1600 

Chlorine 1300 

Ammonia,  free 0000 

Ammonia,  albuminoid 0018 

Nitrogen  a*»  nitritew 0000 

Nitrogen  as  nitrateis 0152 

(t'nit  analysis. 

Carbon  dioxide 80 

Oxygen 11.  IW 

Nitrogen 88.  36 

This  spring  issues  from  the  drift-covered  slope  north  of  Hoosic 
-River  and  stands  somewhat  more  than  100  feet  al>ove  it.  It  appears 
to  lie  almost  direct!}"  in  line  with  a  prominent  fault  which  runs  north 
and  south  along  the  east  side  of  Mason  Hill  in  Vermont,  emerging  a 
little  more  than  a  mile  south  of  the  point  where  the  fault  passes  from 
view  under  the  drift.  Considering  its  relatively  high  temperature,  its 
eoD^tancy  of  volume  and  temperature,  and  its  mineral  properties,  it 
aeenis  prolmble  that  the  water  of  this  spring  comes  from  the  fault  and 
hence  from  a  deep-seated  source. 

There  may  l^>e  other  mineral  springs  in  the  qujulrangle,  })ut  nojie  are 
known  at  present. 

INFLUENCE   OF   WATER   SUPPLY    ON    SETTLEMENT. 

The  presence  of  water  power  has  been  the  main  influence  in  locating 
the  cities  and  villages  of  this  area.  Four  cities — Adams,  North  Adams, 
Hoosick  Falls,  and  Bennington — all  owe  their  location  to  this  caus(»,  and 
the  positions  of  most  of  the  villages  have  been  determined  by  the  same 
influence.  Farmhouses  in  this  area  are  usually  located  with  reference 
to  convenience  of  access  to  some  spring  or  brook.  Th(^  area  is  com- 
pftratively  poor  in  agriculture.  Except  in  the  northwestern  part,  the 
valleys  are  narrow  and  the  hill  farms  are  generally  stony  and  barren. 
With  the  decline  of  agriculture,  farmers  had  to  find  other  ways  of  mak- 
ing a  living.  Many  of  them — the  hill  farmers  especially  -have  met  the 
dilficultv  by  keeping  "city  boarders,''  and  most  of  them  have  found  it 
profitable,  as  is  abundantly  proved  by  the  })ott(»r  appearance  of  their 
placets.  The  region  is  justly  famed  as  a  sunmier  and  autumn  resort 
^or  health  and  pleasure,  and  the  prosperity  of  a  considerable  part  of 
^^  population  depends  nmch  upon  the  annual  coming  of  visitors.  Pure 
drinking  water  and  the  scenic  charms  of  clear,  rapid,  mountain  brooks 
^nstitut^*  imi)ortant  factors  among  the  many  attractions  that  dniw 
'umnier  visitors  to  this  region. 


WATER  RESOURCES  OF  THE  W ATKINS  GLEN 
QUADRANGLE  NEW  YORK. 


liv  Ralph  S.  Tarr. 


IXX'ATIOX   AND   DRAINAGE. 

The  Watkiiis  Glon  quadrangle  is  located  in  south-central  New  York, 
and  includes  the  areas  mapped  on  the  Elniira,  Waverly,  Watkins,  and 
Ithaca  toiK)gniphi(»  shc»ets  of  the  United  States  Geological  Survey. 
In  it  an»  located  KIniira,  Ithaca,  and  a  number  of  smaller  cities  and 
towns.  It  is  crossed  by  a  portion  of  the  divide  that  rises  between  the 
()s\v(»go  and  Sustjuehanna  drainage  systems,  and  includes  some  of  the 
hendwaters  of  each  system.  Chemung  River  crosses  the  Elmira  and 
WaviM-ly  (juadrangles  in  the  southern  part  of  the  area,  carrying 
through  Ehnira  the  drainage  of  2,055  square  milejs  of  country.  Next 
in  size  to  the  Chenumg  Valley  are  the  two  northward  sloping  valleys 
o(cu[)ied  by  Cayuga  and  S(»neca  lakes,  with  dminage  areas  of  1,593 
and  TOT  sijuare  niih^s,  respectively.  Throughout  the  quadrangle  one 
effect  of  glaciation  has  l)een  to  cause  changes  in  divides,,  which  have 
turned  stnnims  from  one  drainage  area  into  another.  As  a  re^^ult. 
many  of  the  str(»ams  flow  in  valleys  that  are  out  of  proportion  to  the 
volume  of  water  they  carry:  some  large  valleys  contain  small  streams 
some  large  streams  flow  in  small.vallevs.  This  condition  has  an  impor- 
tant h(»aring  on  the  distrii)ution  of  underground  water,  whose  direc- 
tion of  movement  may  conseiiuently  often  be  directly  opposite^  to  that 
of  the  surface  water. 

None  of  the  stn^ams  of  this  area  are  of  value  in  navigation;  but  the 
Chemung  Valley  was  the  .site  of  a  canal,  now  alxindoned  after  having 
been  opemted  at  a  loss.  Both  Cayuga  and  Seneca  lakes  are  seats  of 
navigation,  but  this  shared  the  decline  of  the  Erie  Canal,  with  which 
the  lakes  are  connected  by  short  })mnch  canals.  Many  hydrographic 
problems  connected  with  these  lakes  have  not  yet  l)een  investigated. 

The  ov<»rdeepening  of  the  two  lake  valleys,  possibly  b}'^  ice  erosion, 
has  left  tin*  tributaries  hanging  far  above  the  level  of  the  lakes.  In 
desiMMiding  to  lake  level  the  tri})utaries  therefore  have  high  graden. 
and  in  the  short  time  since  the  Glacial  epoch  have  been  unable  to  do 
more  than  form  steep-walled  gorges  througli  which  the  water  flows  in 
a  series  of  iai)ids  and  falls.  These  gorges,  falls,  and  mpids  are  exceed- 
ingly picturescjue,  and  in  the  case  of  Taghanic  Falls,  Watkins  Glen, 
and  Havana  Glen,  have  won  wide  reputations.  The  water  power  of 
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of  these  streams  is  ased  for  running  grist  and  other  mills;  that 
II  Creek  furnishes  power  for  genemting  the  electricity  used  at 
»11  University  and  gave  opportunity  for  the  construction  of  the 
tulir  lalmratorv.  Tlirough  g(Mienil  deforesting  the  value  of  the 
ns  for  purposes  of  power  is  decreasing. 

WATER  SUl'PLY.^ 

>  surface  streams  are  used  by  the  towns  in  the  area  as  a  source 

inicipal  water  supply,  in  some  cases,  as  at  Ithaca  and  Elmira, 

tiltration.     The  need  of  such  liltration  was  forcibly  impressed 

the  people  of  Ithaca  by  an  epidemic  of  typhoid  fever  in  1903, 

1  resulted  from  the  pollution  of  creek  water,  then  supplied  unfil- 

All  the  surface  waters  are  notably  hard,  as  the  following 

ses  show.     The  hardness  results  from  the  solution  of  lime  and 

salts  from  the  shales  and  from  the  glacial  deposits,  which  consist 

ge  measure  of  ground-up  shale  and  limestone.     So  much  lime  is 

les  carried  in  solution  that  springs,  on  emerging,  precipitate  it, 

ng  deposits  of  calcareous  tufa. 

»  condition  of  this  surface  water  is  clearly  illustrated  by  the 
ring  analyses  of  two  creeks  whose  mouths  only  are  within  the 
:ins  quadrangle,  but  whose  waters  have  been  studied  with  especial 
f)ecause  of  their  relation  to  the  Ithacan  water  suppl3^ 

Rt^milta  of  examination  of  water  from  Fall  Creek  at  Ithaca. 
[PartM  iKT  million.    Prof.  E.  M.  Chamot,  analyst.] 
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1.714 

1.50  ' 

84.7 

2.19 

150.00 
13.00 


IW.OO 
13.(» 


25.00 
6.00  i 


I. 


103.0 
55.0 


108.8 
63.8 


115.0 
87.5 


ke  pleasure  in  acknowledging  the  asoiHtance  of  Mr.  Lawrence  Martin  in  obtaining  data  con- 
fthe  water  re«>un*e.s;  of  Mr.  C.  C.  Vermeule,  engineer  for  the  Ithaca  water  board,  and  hlu 
It,  Mr.  Oetman,  who  f«upplifd  me  with  carefully  icept  records  and  Hamplen;  and  (^f  Pn)f.  B.  M. 
t,  of  Cornell  Univendty,  for  analyses  and  other  information  about  the  chemical  feature»of  the 
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Results  of  examimttion  of  nxtUrfrom  SLnniU  LVeek  at  Ithaot. 
[I*n>f.  E.  M.  Cham<it.  Hnal>'Nt.l 


Raw  WHtor  before  filtratioii. 


Bacteria  per  c.  v. 


Turbidity. 


Color. 


19UJM. 
October .... 
NovemlKT  . 
DecemiKT. . 
January  ... 
Februar>'  .. 

March 

April 

May 

June 

July 

August 

September . 

Average  ... 


Aver- 
age. 


I   Maxi- 
mum. 


Mini- 1  Aver- 
mum.    age. 


7,220 
r>,  4(X) 
2,900 
6,200 
13.400 
28.tiO0 

i.^ao 

7,300 

7,rioo 

1,050 
2,400 

1,200 

»  -  -  _   . 

7,550 


36,000 
23.000 
■8.600 

620,000 
97,000 

115.000 
50,500 
35,000 
62,000 
6.rK)0 
18.000 
2,800 


I      SM  I 

I      800  ! 

I      900  . 

I  1,000  I 

1,500 

2,500  I 

1,600  I 

450  I 

460  I 

850  I 

400  I 

500  I 


(«) 

81 

8 

13 

46 

220 

104 

10 

47 

67 

76 

57 

68 


Maxi- 
mum. 


Mini- 1  Aver- ,  Maxi- 
mum,   age.    mum. 


Mini- 
mum. 


Alkalinuy. 

i  Aver- 1  Mali- M"' 
age.    mum.m"^ 


1,800  ' 

160  • 

35 

2,600  I 

400  , 

8,000  I 

400, 

600, 

260 

95  1 

200  I 

80| 


0.25 

.8 

.75 

5.0 

6.0 

5.0 

40.0 

10.0 

7.0 

28.0 

4a.  0 

18.0 


4.^>  I 

♦a . 
^^' 

14 

11    ! 

13 
11 

18  1 
15 
9 

20  I 


IJN 

160 

85 
40  I 

24   ; 

21  ! 

•3. 1 

24 

27  I 
45  I 

20| 


2..^ 
18.4) 
14.0 
10.0 
4.0 
5.0 
5.0 
5.0 
5.0 
3.0 
1.0 
3.0 


76    100.0     t 

72      H.VII     ^1 
57      HT.'t     ■' 

96.0 
94  ;  125.0 
127  ■  130.0 
127  ';  14«).0 
131     140.0 


54 


91 


a  Too  variable  to  average. 


It  goes  almost  without  saying,  that  springs  and  wells  are  commc 
this  area,  and  that  their  waters  resemble  in  hardness  the  creek  wa 
at  low  stage.  Many  of  the  wells,  especially  on  the  hill  farms,  ai 
rock;  others  are  in  glacial  drift;  and  some  are  in  f>ost-Glacial  dept) 
Most  of  the  shallow  wells  show  decided  fluctuation  with  season, 
most  copious  springs  occur  in  the  regions  of  outwash  gravels  and  i 
the  margins  of  alluvial  fans,  into  which  the  stream  water  often  .si 
reappearing  as  springs. 

In  a  number  of  places  in  the  area  there  are  deep  wells  in  which 
water  rises  nearly  or  quite  to  the  surface.  This  is  true,  for  exam 
just  south  of  Watkins,  at  Montour  Falls,  near  Breesport,  and  in 
outwash  gravels  in  and  near  Elmim.  In  only  one  place,  howo 
have  the  water  resources  of  the  glacial  deposits  been  extensi^ 
exploited,  namely,  at  Ithaca.  Prior  to  the  introduction  of  a  city  w 
supply  the  town  of  Ithaca  depended  upon  wells,  and  even  at  the  |i 
ent  time  many  of  these  are  in  use.  Some  of  these  are  shallow 
wells  that  receive  the  drainage  of  a  densely  populated  hill  sl< 
Others  are  in  gravels  of  alluvial  fans,  built  where  Sixmile  and  C'li 
dilla  creeks  emerge  from  their  gorges  upon  the  Ithaca  delta  pi 
Many  of  the  Ithaca  wells  are,  however,  driven,  and  furnish  arte 
water.  The  depth  which  these  wells  reach  varies,  being  in  most  a 
from  80  to  100  feet,  and  in  some  of  the  wells  the  water  hivs  1 
enough  to  permit  piping  to  the  second  floor.  They  are  both  ovei 
and  underlain  by  an  extensive  stratum  of  clay.  In  the  table  folio 
the  first  seven  analvses  show  the  general  character  of  this  wati^r. 
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Toward  the  western  side  of  the  valley  a  well,  120  feet  deep,  known 
e  the  ''Fourth  street  well,-'  was  drilled  by  a  committee  of  citizens 
.iiring  the  typhoid  epidemic.  The  flow  of  water  from  it  was  estimated 
o  be  alx)ut  1()0,0<K)  gallons  a  day.  Near  it  is  a  well  to  the  same 
witer-bearing  l>ed,  which  is  pumpe<.l  by  a  salt  company  for  use  in  dis- 
©Iving  sjilt  to  form  brine.  It  yields  from  300,000  to  400,(KX)  gallons 
■  ^y  ^y  pumping.  Its  composition  is  shown  by  analysis  No.  8,  in 
lie  aecomi>anying  table.  Just  south  of  the  city,  near  the  western 
ide  of  the  deltu  plain,  2  deep  wells  have  l)een  put  down  by  a  com- 
nittee  of  citizens,  and  11  by  the  Ithaca  water  board.  These  13  wells 
*re  not  far  apart,  and  most  of  them  are  very  near  an  artesian  well, 
cnown  as  the  '"Illston  well,''  that  was  bored  several  years  ago.  This 
irell  showed  a  flow  of  over  300,000  gallons  a  day,  by  weir  measure- 
nent,  in  the  spring  of  1908.  Two  of  the  wells  reached  rock,  one  at  a 
lepth  of  260  feet,  the  other  at  a  depth  of  342  feet.  Of  the  13  wells, 
>  are  flowing,  and  the  engineer  of  the  water  board  estimates  that 
iey  have  a  total  capacity,  when  pumped,  of  between  2,000,000  and 
5,(K)0,0(H)  gallons  daily,  which  is  more  than  ample  for  the  city  of 
Ithaca.  A  number  of  wells  are  clustered  around  the  Illston  well, 
fcnd  reach  the  same  water-bearing  series  at  a  depth  of  about  280  feet. 
That  the  various  wells  tap  the  same  water-bearing  layers  is  evident 
from  their  influence  upon  one  another.  The  pressure  in  the  Illston 
^ell,  for  example,  is  reduced  from  18  to  12  pounds  when  all  the  adja- 
cent wells  are  flowing.  Whether  the  estimated  capacity  of  the  wells 
'vill  be  actually  reached  when  all  the  wells  have  been  pumped  for  a 
^hile  remains  to  be  seen. 

These  14  wells  reveal  a  set  of  conditions  in  the  Ithaca  d(»lta  as  fol- 
lows: <»  Itelow  an  upper  series  of  beds  of  soil  and  muck  ai)out  10  feet 
thick  is  a  bed  of  clay  varying  in  thickness  from  place  to  place  and 
Underlain  at  depths  ranging  from  60  to  DO  feet  bv  water-bearing  sands 
*nd  gravels  that  vary  in  thickness  from  30  to  W  feet.  Beneath  the 
sand  and  gravel  is  a  great  depth  of  uniform  clay,  atbiining  a  thickness 
^f  120  to  150  feet.  Then  sandy  clays,  quickvSJinds,  sands,  and  gravels 
ve  encountered.  Even  in  wells  drilled  but  a  few  feet  apart  the  sec- 
tions through  the  water-bearing  layers  differ,  as  one  would  expect  in 
glacial  sands  and  gravels.  This  variation  makes  well  boring  very 
uncertain.  Several  of  the  wells  reached  a  (juicksand  so  filled  with 
^ter  and  under  such  pressure  that  it  rose  in  the  pipe  faster  than  it 
could  l)e  removed.  The  more  successful  wells  reached  either  gravel, 
orsand  with  gravel,  from  which  the  sand  could  be  jettied  out,  leaving 
a  protecting  ma.ss  of  pebbles  around  the  pipe  mouth.  Amid  such 
varying  conditions  the  sinking  of  a  well  in  this  region  is  very  nm<*h 
of  a  lottery,  even  though  it  be  ti*ue,  as  it  seems  to  be,  that  the  sand- 

-Tarr,  K.  S..  Arteiiian  well  sectioiw  at  Ithaca.  N.  Y.:  Jour.  Geol.,  vol.  12, 1904,  pp.  t>»-«2. 
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'■  gravel  series  beneath  the  clay  is  very  extensive  and  everywhere  waUi 

i  bearing. 

:  The  beds  in  which  the  wells  are  located  are  a  part  of  the  series  ( 

\  ice-front  deposits  aasoiriated  with  the  stand  of  the  glatder  in  this  regioi 

j  The  source  of  the  water  is  unquestionably  the  moraine  series  th 

jj  occupies  the  bottom  of  the  valley  of  the  Cayuga  Inlet,  farther  souti 

5  This  being  the  case,  the  ivater  supply  must  be  great.     That  the  wiIk 

;  has  long  been  underground  is  indicated  by  the  analyses  (Nos.  9  and  1 

in  the  table)"  and  by  its  temperature,  which  in  both  Aujjust  m 

J  December  was  52^  F.     The  Ithaca  experiment  will  be  watched  wit 

interest,  for  if  only  two-thirds  of  the  estimated  capacity  of  the  wells 

!  realized  it  will  show  a  set  of  conditions  in  glacial  deposits  favoringj 

^  a  very  limited  region,  the  development  of  an  extensive  water  supplj 

»  The  analyncfl  of  the  water  of  the  lUston  well  doubtless  represent  appmximately  the  cunditMO 
\  the  water  in  the  neighboring  wella  of  which  analyses  are  not  yet  available. 


iTER  RESOURCES  OF  CENTRAL  AND  SOUTHWEST- 
ERN HIGHLANDS  OF  NEW  JERSEY. 


Bv  J^AiRENCE  La  Forge. 


INTRODUCmON. 


TjH'iiti*r)t. — This  region,  that  part  of  the  Highlands  south  of  Andover 
1  Poinpton,  about  two-thirds  of  the  Highland  area  of  the  State, 
ludes  ix)rtions  of  the  Morristown,  Lake  Hopatcong,  Haekettstown, 
laware  Water  Ciap,  Somerville,  High  Bridge,  and  Easton  quad- 
igles,  and  comprises  parts  of  Morris,  Warren,  Hunterdon,  Somerset, 
1  Sussex  counties,  covering  an  area  of  about  685  square  miles.  The 
ie»itone  valleys  lying  within  the  Highlands  are  usually  considered 
»rt  of  the  area  and  will  be  so  regarded  in  this  paper,  together  with 
'  partially  inclosed  valleys,  such  as  the  Pohatcong  and  Pequest  val- 
8,  which  extend  between  the  Highland  ridges  for  some  distance,  but 
?n  out  into  the  (ireat  Valley. 

Popuhifhm, — The  population  of  the  area  is  a  little  over  75,(K)0. 
is  includes  the  entire  p>opulation  of  such  places  as  Morristown, 
onton,  and  Bernardsville,  which  lie  partlv  within  the  Highlands, 
t  not  the  population  of  plat*es  like  Clinton,  Pompton,  or  Morris 
lins,  which  are  just  outside  the  base  of  the  Highlands,  nor  of  places 
e  Phili|)sburg  and  Ifelvidere,  which  are  more  properly  comprised 
the  Kittatinny  Valley.  Of  these  75,000  people,  somewhat  over 
o-thirds  live  in  towns  and  villages,  the  strictly  rural  population 
iraging  less  than  35  per  square  mile.  There  are  20  towns  and  vil- 
:c8  having  5W  or  more  inhabitants,  and  about  50  more  having  from 
Uo  5O0  inhabitants.  The  rate  of  increase  for  the  area  as  a  whole 
ilxnit  1  per  cent  a  year,  but  the  actual  increase  is  confined  to  the 
ger  manufacturing  towns  in  the  valleys  and  to  the  parts  of  the 
itheastern  l>order  which  are  becoming  popular  suburbs  of  New 
rk.  In  all  of  the  upland  portion  and  throughout  the  larger  part 
the  valleys  of  the  northern  and  central  parts  of  the  area  the  jwpu- 
on  is  decreasing,  there  being  a  steady  drift  away  from  these  local!- 
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ties.  This,  however,  when  the  whole  area  is  oonsidered,  is  slightly 
more  than  offset  by  the  influx  from  outside  to  the  manufacturing 
towns  and  popuhir  residence  localities. 

IndiudrieH. — The  agricultural  industry  of  the  region  is  not  so  impor- 
tant as  formerly,  being  now  largely  confined  to  the  valleys  and  the 
peach-growing  districts  on  the  less  rugged  uplands  of  the  southern 
portion.  Luml)ering  is  conducted  on  a  small  scale.  Iron  mining, 
formerly  carried  on  in  a  small  way  at  many  plac*es  in  the  area,  has 
become  con(;entrated  at  a  few^  important  point.s  and  the  mines  else- 
where have  been  abandoned.  There  is  a  considerable  and  growir^ 
amount  of  manufacturing  in  the  larger  towns,  mainly  connected  with 
the  iron  industry.  The  eastern  slope  of  the  Highlands,  notably  about 
Morristown  and  Bernardsville,  has  become  a  popular  suburban  region 
and  is  being  rather  thickly  settled,  while  certain  of  the  wilder  and 
more  })eautiful  of  the  upland  districts,  such  as  those  on  Mine  and 
SchcK)ley  mountains  and  about  Budd,  Cranberry,  and  Hopat^'ong 
lakes,  are  favorite  outing  places,  and  of  late  years  have  a  considem- 
})le  summer  population. 

Cliinatt\  HoU^  etc. — The  average  temperature  of  the  Highland  region 
for  the  year  is  about  47"-,  the  average  for  the  winter  being  about  27  , 
and  the  ground  and  streams  are  usually  frozen  during  the  greiiter  part 
of  the  winter.  The  average  animal  rainfall  mnges  from  38  to  -fS 
inches  in  various  parts  of  the  region,  and  from  80  to  55  inches  in 
different  years.  Usually  there  is  somewhat  more  precipitation  in 
summer  than  in  winter.  The  avemge  annual  snowfall  is  about  5  feet, 
which  is  equivalent  to  about  6  inches  of  rain,  so  that  about  12  to  15 
per  cent  of  the  precipitation  falls  as  snow. 

North  of  the  terminal  moraine  the  soil  is  largely  glacial  material 
entirely  so  along  the  moraine  and  in  the  filled  valleys.  South  of  the 
moniine  the  })ulk  of  the  soil  in  the  valleys  is  also  of  glacial  derivation, 
consisting  of  outwash  plains  in  front  of  the  moraine  and  of  stream- 
wash(»d  drift  lower  down  the  valleys,  but  there  are  also  areas  of  cby 
soil  resulting  from  the  weathering  of  the  limestone  and  shale.  On  the 
uplands  the  soil  is  derived  from  the  disintegration  of  the  gneiss  and  ii< 
as  a  rule  stony  and  not  very  f<»rtile. 

Forests  cover  a  large  proportion  of  the  area,  a  proiX)rtion  ranging 
from  90  per  cent  and  more  at  the  north  and  northeast  to  80  per  ei 
or  less  at  the  south  and  southeast.  A  greater  percentage  of  the  u 
than  of  the  valleys  is  forested,  and  a  greater  proportion  of  the  gla- 
ciated area  than  of  that  lying  outride  the  moniine.  Except  in  parts  of 
the  limestone  valleys  and  the  plains  of  washed  drift  the  soil  is  not  very 
f(Mtile,  and  the  region,  on  this  account  and  because  of  the  ruggedno.s3 
of  a  great  part  of  it,  is  not  well  adapted  for  cultivation.  The  fores^t- 
covered  area  is  increasing,  as  much  of  the  land  that  was  formerly 
cultivated  is  being  abandoned. 
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TOPOGRAPHY. 

The  Highland  region  is  a  dissected  plateau,  lying  about  500  feet 
ftbove  the  lower  country  on  either  side,  and  })ounded  on  the  southeast 
by  the  Piedmont  Plain  and  on  the  northwest  hy  the  Great  Appalachian 
Valley,  here  known  as  the  Kittatinny  Valley.  Northeastward  the 
Highlands  continue  into  New  York,  and  to  the  southwest  they  extend 
past  the  Delaware  for  some  distance  into  Pennsylvania. 

The  belt  trends  northeast  to  southwest  and  consists  of  several  roughly 
parallel  ridges  and  valleys  which  have  nearly  the  same  trend,  but  are 
not  without  local  irregularities.  A  considerable  iwrtion  of  the  original 
plateau  surface  remains  as  the  summits  of  the  broader  ridges,  reaching 
rievations  of  1,200  to  1,300  feet  in  the  noithwestern  part  and  declin- 
ing gently  l)oth  southeastward  and  south  west  ward.  The  highest  point 
in  the  area,  standing  at  an  altitude  of  1,333  feet  above  sea  level,  is  in 
the  town  of  Jefferson,  northeast  of  Lake  Ilopatcoiig.  The  descent  of 
about  6(>0  feet  from  the  plateau  to  the  lower  regions  on  each  side  is 
raUier  abrupt,  and  the  longitudinal  valleys  within  the  highlands  have 
been  rut  down  about  the  same  amount  toward  their  lower  ends. 

DRAINAGE. 

Likes  (iTidjMmds.—Ai^  there  is  abundant  rainfall  in  the  region  and 
much  comparatively  level  upland  surface,  with  deep  soil  on  most  of 
the  unglac*iated  portion,  and  natural  storage  basins  ev<»ry  where  in  the 
glaciated  portion,  the  entire  area  is  well  watered.  On  the  slopes  there 
are  abundant  springs,  none  very  large,  but  many  which  never  fail,  and 
which  cjm  be  depended  on  as  sources  of  supply.  Since  nuich  of  the 
area  is  forested  and  other  conditions  are  favorable  to  the  absorption  of 
water  by  the  rocks,  a  large  proportion  of  the  rainfall  becomes  ground 
water,  and  a  large  part  of  the  remainder  is  stored  for  a  time  in  natural 
or  artificial  reservoirs. 

liakes  and  ponds  are  abundant  in  the  glaciated  area,  the  principal 
ones  being  enumerated  in  the  following  list.  Of  these  several  are 
entirely  artificial,  and  nearly  all  the  rest  have  been  enlarged  by  raising 
the  outlet  level.  Five  are  supply  reservoirs  for  the  Morris  Canal  and 
most  of  the  others  are  or  have  been  mill  or  forge  ponds. 
IM  110—05 10 
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I^rmcijxd  Idket*  arid  pomh  in  verUral  and  southwestern  highUmdn  of  New  Jersey. 


Name. 


Area  of 

water 

surface. 


Lake  Hopatcong 2, 

Budd  Lake 

Green  Pond  ( Morris  County ) 

Stanhope  reservoir 

Split  Rock  Pond 

Denmark  Pond 

Cranberry  Lake 

Green  Pond  (Warren  County)... 

Stickle  Pond 

Forge  I*ond 

Shongum  Pond 

Watertoo  Pond 

Allamuchy  Pond 

Durham  l*ond 

Panther  Pond 

Bear  ponds 

Dixon  Pond 

Wright  Pond 

Stag  Pond 


448 

475 

460 

389 

815 

172 

154 

117 

111) 

96 

70 

68 

5() 

47 

41 

88 

85 

81 

28 


Area  of    ,     v-i-.w- 
drainage!    *;',«»•■ 
basin. 


tion. 


Square 
miles. 

25.4 
4.5 
L7 
4.9 
5.8 
4.5 
8.0 
5.2 
1.7 

10.1 


Feet.  ' 
928  i 
933  I 

1,045  I 
859  I 
815  1 
818 


771 
899 
788 
775 


Drainage  f<y»teni. 


Mu8Conetcong.« 

Raritan. 

Rockaway. 

Musconetcong. 

Rockaway. 

Do. 
Musconetcong. 
Pequest. 
Pecjuanac. 
Roirkawav. 


2.9 

698 

Do. 

(?) 

640 

Musc^onetcong. 

1.8 

775 

Pequest. 

(?) 

880 

Rockaway. 

0.5 

766 

Pequest. 

0.6 

977 

Musconetcong. 

8.5 

560 

Rockaway, 

8.4 

748 

Musconetcong. 

0.8 

820 

Do. 

'«  Uike  Hopatcong  is  imtiimlly  drained  down  Musconeteoiig  River,  but  it  supplies  water  for  the  > 
summit  level  of  tlie  Morris  Canal,  so  that  a  considerable  part  of  its  drainage  actually  passes  down 
the  Rockaviay.  -; 


In  addition  to  the  lakes  and  ponds  named  above,  there  are  about 
KM)  small  mill  ponds  and  reservoirs,  all  artitieial  and  mostly  outside 
the  moiaine,  and  about  80  glacial  kettle  holes,  which  contain  ponds 
each  several  acres  in  extent. 

Swamps  are  numerous  within  or  immediately  in  front  of  the  glacial 
boundary- ,  and  largely  increase  the  amount  of  storage  on  some  of  the 
streams.  The  largest,  but  also  the  lowest  in  elevation,  are  the  Great 
Meadows  of  the  Pequest  and  the  long  swamp  on  the  upper  course  of 
the  Black  River.  The  rugged  forest-covered  area  in  Sussex  and 
northern  Morris  counties  contains  scores  of  small  mountain  swamps, 
caused  by  glacial  choking  of  old  drainage  channels,  many  of  which  lie 
at  the  very  heads  of  the  streams,  at  elevations  of  1,000  feet  or  more. 

Sfn(n/r.s. — The  region  is  drained  partly  by  streams  flowing  along 

longitudinal  valleys  to  the  Delaware,  and  partly  by  streams  flowing 

in  both  longitudinal  and  transverse  valleys  and  reaching  New  York 

iiay.     The  principal   rivers  tiro  the  Pequest,  Musconetcong,  Ilaritan, 

and  Phsshic,  the  two  last  named  })eing  the  largest  and  most  important 
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Jfieams  of  the  State.  The  entire  region,  except  areas  traversed  by 
CihaU^ong  Creek  and  some  minor  streams  that  flow  directly  into  the 
"elaware,  is  dniined  by  these  four  rivers. 

Pequest  River  is  not  properly  a  highland  stream,  its  source  and 
cet  of  its  headwaters  being  in  the  Kittatinny  Valley,  but  in  the 
ver  part  of  it^  course  it  flows  in  a  valley  which  separates  Jenny 
amp  and  Mohepinoke  Mountains  from  the  rest  of  the  Highlands,  and 
iroughout  its  length  it  receives  a  part  of  the  Highland  drainage.  At 
e  head  of  (ireat  Meadows,  where  it  enters  the  Highlands,  it  is  at  an 
evation  of  532  feet.  From  here  to  Townsbury,  where  it  escapes 
om  the  terminal  momine.  it  falls  but  22  feet  in  10  miles.  This  part 
its  course  is  through  the  l)ed  of  a  temporary  lake  which  was  formed 
ihind  the  moraine  after  the  retreat  of  the  ice,  and  until  a  few  years 
:o,  when  extensive  drainage  works  were  completed,  the  meadows 
&re  an  imjiassable  moi-ass.  From  Townsbury  to  Buttzville,  where 
e  river  emerges  again  from  the  Highlands,  it  falls  130  feet  in  6  miles 
id  considerable  water  power  is  developed  along  this  stretch. 
Pohatcong  Creek  rises  near  Mount  Bethel  at  an  elevation  of  1,000 
et  and  falls  4r(X)  feet  in  5  miles  to  the  valley  at  Karrville,  along  which 
flows  for  18  miles  farther,  reaching  the  Delaware  at  135  feet  eleva- 
on.  Small  water  powers  are  developed  at  several  points. 
The  ultimate  source  of  the  Musconetcong  is  in  the  town  of  Sparta, 
)rth  of  the  area  under  consideration,  at  an  elevation  of  1,200  feet, 
flows  through  I^ake  Hopatcong  at  928  feet,  Stanhope  reservoir  at 
'>9  feet,  and  Waterloo  Pond  at  640  feet,  emerging  from  the  moraine 
;  Hackettstown,  12  miles  from  its  source,  at  560  feet.  From  here  to 
le  Delaware,  31  miles  below,  it  falls  430  feet.  Lubber  Run,  its  prin- 
pal  tributar}',  falls  450  feet  in  10  miles  from  its  source  to  where  it 
ins  the  main  stream  near  Waterloo  Pond.  Abundant  water  power  is 
sveloped  at  a  number  of  points  on  both  streams. 
Karitan  River,  the  largest  in  the  State,  drains  the  central  and  south- 
•n  parts  of  the  area  through  three  principal  tributaries — the  North 
id  South  branches  and  Black  River — and  empties  into  Raritan  Bay, 
I  arm  of  New  York  Bay.  South  Branch,  the  principal  stream,  rises 
iBudd  Lake  at  933  feet  and  falls  270  feet  in  3  miles  to  Bartley,  where 
reaches  the  low-lying  German  Valley,  along  which  it  turns  and  runs 
I  miles  to  Califon,  falling  2(MJ  feet  on  the  way.  Here  it  plunges 
irough  a  narrow  gorge  6  miles  long  and  emerges  from  the  Highlands 
t  High  Bridge  at  an  elevation  of  220  feet.  It  carries  a  large  volume 
f  water  and  furnishes  abundant  power  at  many  places.  North  Branch 
I  not  so  large;  its  idtimate  source  is  near  Calais  at  an  elevation  of 
,000  feet.  It  falls  600  feet  in  the  first  6  miles,  but  is  here  hardly 
lore  than  a  brook.  From  Ralston  it  cuts  through  Mine  Mountain  in 
gorge  of  uncommonly  picturesque  beauty  and  emerges  upon  the 
met  platt^au  at  only  180  feet.    Though  of  small  volume,  it  has  a  swift 
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current  and  is  utilized  for  power  at  several  points.  Black  River,  the 
third  branch,  rises  in  the  momine  a  little  east  of  the  southern  end  of 
Lake  Hopatcong,  crosses  the  Suecasunna  Plains,  falling  only  200  feet 
in  11  miles,  and  then  drops  440  feet  through  a  gorge  6  miles  long  in 
the  Eastern  Range,  leaving  the  Highlands  at  Pottersville  Falls  at  240 
feet. 

The  remainder  of  the  area  is  drained  by  Passaic  River,  which  empties 
into  Newark  Bay,  another  arm  of  New  York  Bay.  The  main  stream 
is  of  little  importance  in  its  Highland  portion.  It  falls  only  289  feet 
in  5  miles  from  its  source  near  Mendham  to  where  it  leaves  the  gorge 
at  280  feet  elevation.  The  Whippany,  another  small  branch,  rises 
near  Mount  Freedom  .and  falls  500  feet  in  3  miles,  but  is  here  a  mere 
brook.  For  the  next  3  miles  along  Washington  Valley  to  Morristown 
it  is  sluggish  and  flows  through  swamps  most  of  the  way.  It  leaves 
the  Highlands  at  810  feet  and  lower  down  becomes  an  important  power 
stream.  The  Pequanac,  another  tributary^  of  the  Passaic  lying  alto- 
gether outside  this  area,  drains  a  part  of  the  northeastern  corner. 

The  largest  branch  of  the  Passaic,  and  the  most  important  in  this 
area,  is  the  Rockaway.  This  river  rises  high  on  the  plateau  to  the 
north  of  the  area,  enters  it  in  the  Longwood  Vallej'  at  about  750  feet, 
flows  southwestward  nearly  to  Wharton,  where,  at  660  feet,  it  turns 
eastward  and  cuts  obliquely  through  the  Eastern  Range,  emerging 
below  Boonton  at  240  feet.  In  the  last  li  miles  of  its  gorge  it  falls 
250  feet,  furnishing  one  of  the  line  water  powers  of  the  State.  It  has 
a  large  flow  and  is  an  important  stream  both  for  power  and  for  water 
supply. 

GEOLOGY. 

The  rocks  of  the  Highlands  proper  are  granitic  and  hornblendic 
gneisses,  hornblende  and  biotite-schists  with  lenses  of  magnetite, 
highly  metamorphosed  limestone  and  serpentine,  and  narrow  bands 
of  conglomerate  and  quartzite,  also  considerably  metamorphosed. 
The  origin  of  the  gneisses  and  schists  is  uncertain,  but  a  part  at  least 
were  certainly  igneous,  and  some  of  the  remainder  were  probablj'  of 
sedimentary  origin.  Throughout  nmch  of  the  area  they  are  arranged 
in  bands  differing  more  or  less  in  chanicter,  and  the  strike  of  these,  as 
well  as  of  the  lenses  of  serpentine  and  iron  ore  and  of  the  strips 
of  sedimentary  rocks,  usually  differs  but  little  from  the  northeast- 
southwest  trend  of  the  ridges  and  valleys. 

These  rocks  are  for  the  most  part  very  resistant  to  weathering,  and 
give  a  bold,  rugged  character  to  the  topogiaphy  occupying  the  higher 
portions  of  the  area,  but  the  longitudinal  valleys  throughout  most  of 
their  length  are  cut  in  much  loss  resistant  limestones  and  shales. 
These  valley  rocks  and  the  strips  of  sediments  on  the  ridges  are  of 
Cambrian,  Ordovician,  and  Silurian  age,  while  the  gneisses  and  schists 
are  pre-Cambrian.  ^  The  age  of  the  mctaiwoTpUk  white  limestones  is 


iJironcEl        WATERS  OF  PART  OF  HIGHLANDS  OF  NEW  JERSEY.        147 

ijot  yet  settled.     There  are  a  few  dikes  of  diabase  and  auiphibolite  in 
certain  areas,  but  as  a  rule  intrusive  rocks  are  wanting. 

The  terminal  moraine  of  the  Wisconsin  ice  sheet  crosses  the  area 
from  Denville  to  Buttzville,  and  in  the  northern  third  of  the  region 
considerable  areas  of  rock  surface  are  found  on  the  ridges,  while  the 
Talleys  are  filled  with  sand  and  gnivel  to  a  depth  of  20()  feet  in  places. 
Glacial  modifications  of  drainage  are  numerous,  and  in  this  part  of  the 
area  a  numl)er  of  swamps  drain  in  several  directions. 

W^ATER   RESOURCES. 

hnportaiive  of  rt^rjuni, — This  region,  together  with  its  northeastward 
extension  into  New  York,  is  perhaps  the  most  important  in  the  United 
States  from  the  point  of  view  of  water  supply,  because  of  its  prox- 
imity to  the  great  metropolitan  area  about  New  York  City  and  its 
natural  advantages  as  a  collecting  ground.  The  population  of  the  por- 
tion of  New  Jei-sey  east  of  the  Highlands  and  north  of  Somerville  and 
New  Brunswick  is  over  1,100,000,  and  of  that  part  of  New  York  south 
of  the  Highlands  and  exclusive  of  Long  Island,  nearly  2,300,000. 
While  the  cities  and  towns  of  a  considemble  jmrt  of  this  area  are  still 
supplied  with  water  from  local  sources,  much  of  the  region  is  rapidly 
becoming  so  thickly  settled  that  in  a  short  time  it  will  be  impracti- 
cable, except  in  a  few  limited  cases,  to  depend  longer  on  the  local 
mpply,  both  because  of  its  inadequacy-  and  of  the  increasing  danger  of 
pollution.  The  need  of  further  supply  for  New  York  City  is  again 
becoming  pressing,  and  because  of  the  limited  area  of  the  Highlands 
within  the  State  of  New  York,  from  which  area  the  present  supply  is 
drawn,  it  may  be  necessary  to  go  far  up  the  Hudson  or  outside  the 
State  limits  into  Connecticut  or  New  Jersey  for  additional  water. 
Beside  the  population  already  mentioned,  that  of  Brooklyn  and  Queens 
boroughs  and  Nassau  County  on  Long  Island  amounts  to  1,300,000. 
A  considerable  part,  possibly  all,  of  the  supply  for  this  territory  can 
probably  always  be  obtained  from  the  deep  water-bearing  gravels  of 
Long  Island,  but  in  the  future  legal  complications  may  interfere  with 
the  obtainment  from  this  source  of  the  quantity  needed,  and  at  least  a 
part  of  the  supply  may  have  to  be  procured  from  the  mainland. 

Natural  advantages. — The  Highlands  lie  in  immediate  proximity  to 
this  belt  of  dense  population,  forming  its  natural  boundary  on  the 
northwest.     The  rainfall  is  abundant,  the  region  is  thinly  settled  and 
k  largely  forested,  and  most  of  it  is  poorly  adapted  to  the  purposes  of 

I  agriculture.  There  are  many  and  capacious  natural  stoi-age  basins, 
and  the  whole  district  is  so  elevated  that  water  may  be  delivered  by 
gtavity  and  under  considerable  head  to  the  more  densely  peopled  dis- 
trict There  is  but  little  local  contamination,  and  the  region  is  so 
poorly  adapted  to  ordinary  uses  that  the  sequestration  of  large  parts 
of  it  as  gathering  and  storage  grounds  for  metropolitan  water  supplies 
B  practicable  at  relatively  small  expense.    These  advantages  have  long 
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1)0011  rooognizod,  and  tho  Hifjhiands  have  roj^eatedly  Ix^on  pointed  c 
iw  the  future  souroo  of  wakT  supjil y  for  the  cities  of  northern  Xt 
Jersey,  and  the  con.^ervation  of  the  Highland  waters  for  that  purp 
has  been  often  urged. 

MINERAL  SPRINGS. 

There  is  but  one  mineral  spring  of  note  in  tho  area,  the  formei 
well-known  Sohooley  Mountain  Spring,  located  on  the  western  slo 
of  Sc;hooley  Mountain,  about  2  miles  south  of  Hackettstown.  T 
result  of  an  analysis  of  its  water  as  given  by  Peale"  is  shown  below: 

Anabfsii*  of  water  of  Schooley  Mountain  ^Spring. 

PftTtflper 
1.000.0)0. 

C-alcium  eulphate 2K. 7 

Calcium  carbonate 24. 3 

MagncHium  carl)onate 27. 4 

Iron  carl)onate ^ 9. 9 

Sodium  carbonate 9. 9 

K>dium  chloride 7.4 

Hlica 12.7 

Alumina 2. 4 

Ammonia Trace. 

Carlwn  dioxide  (dissolveii  j^) Undet. 

This  spring  was  formerly  a  popular  resort;  buildings  were  erect 
about  it  and  the  w  ater  w^as  sold  to  visitors,  but  it  is  now  abandoned  a 
the  water  is  no  longer  used. 

WATER   POWER. 

The  climatic  and  topographic  conditions  l>eing  favorable,  the  amoi 
of  available  water  j>ower  along  the  streams  of  the  Highland  regioi 
considonible  and  it  has  I)0(mi  largely  utilized.  Of  late  years  a  nota 
change  has  boon  made  in  the  use  of  this  power,  as  the  numl)er 
plants  making  use  of  w^ater  iK)wer  hjis  diminished,  but  the  total  amo 
utilized  remains  about  the  same.  This  is  due  to  the  fact  that  whei 
there  were  formerly  numerous  small  sawmills,  flour  mills,  iron  forj 
and  the  like,  each  using  a  little  powder,  many  of  these  have  b 
abandoned,  but  there  are  in  place  of  them  several  large  cstablishme 
which  have  been  erected  at  favonible  points  and  which  use  a  consi( 
able  amount  of  power. 

From  a  census  of  water  powers  of  the  State,*  made  by  the  geolog 
survey  of  New^  Jersey  in  1890,  it  appears  that  in  the  region  disc^us 
in  this  paper  there  was  a  total  of  about  11,500  horsepower  used,  3, 
horsepower  being  used  by  mills  on  the  Musconotcong  and  branc 
2,200  on  Rockaway  River  and  branches,  and  4,500  on  the  two  brani 
of  the  Raritan  and  their  tributaries,  the  remainder  being  develc 
along  various  small  streams,  the  Pequest  standing  at  the  head  of  tli 

rtPeale,  A.  C,  Mineral  spnngH  of  the  Unite<i  States:  Bun.  V.  S.  Gool.  Survey  No.  32,  p.  43. 
/' Venueulo.  r.  (\,  Final  Hopl.  (ieol.  Sun'ey  New  Jersey,  vol.  3;  upi>endix  1,  water  powers. 
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The  largest  developiiicnt  is  in  the  gorj^e  at  Kooiiton,  where  thc^e  is  a  fall 
of  ii54>  feet  from  the  pond  at  Powervillc  to  Old  Koonton,  with  an  esti- 
mated available  horsepower  of  over  2,000,  of  which  alK)ut  l,t)00  was 
utilized.  At  Highbridge,  on  the  llaritan,  about  1,2(M)  horsepower  is 
developed,  and  considemble  amounts  are  used  at  Hughesville  and 
Riegelsville,  on  the  lower  Musconetcong. 

Though  a  much  larger  amount  of  power  than  has  yet  l>een  utilized 
could  be  made  available  on  these  streams  by  proper  conservation  of 
the  water  in  ponds,  and  the  amount  of  manufacturing  thus  consider- 
ably increased,  the  fact  must  be  recognized  that  the  uses  of  water  for 
power  and  for  city  supply  conflict,  and  that  one  nmst  necessarily 
largely  pi-eclude  the  other.  If,  as  seems  highly  proba))le,  the  larger 
part  of  the  stream  and  pond  water  in  this  region  will  before  many 
years  have  passed  be  sequestrated  for  municipal  supplies,  the  devel- 
oped water  powers  of  the  Highland  region  are  not  likely  to  \)e  fur- 
ther increased,  but  will  probably  be  considembly  diminished,  at  least 
on  the  Rockaway  and  Raritan  and  their  branches. 

THE    MORRI8   TANAL. 

One  of  the  largest  users  of  water  in  the  Highlands  at  the  present 
time,  and  one  which  controls  the  water  rights  of  several  of  the  largest 
and  most  important  storage  reservoirs,  is  the  Morris  Canal,  which 
traverses  the  region  from  Philipsburg  to  Boonton,  passing  through 
Washington  and  Hackettstown,  crossing  the  low  divide  near  Lake 
Hopatcong,  thence,  via  Dover  and  Rockaway,  issuing  from  the  High- 
lands through  the  gorge  at  Tk>onton.  It  rises  from  156  feet  at  Dehi- 
ware  River  to  913  feet  at  the  summit  level,  and  then  descends  to  2}S8 
feet  on  the  level  below  lioonton  and  to  tide  wat4»r  at  Jersey  City.  At 
Powerville  and  at  Dover  the  boats  are  locked  into  and  out  of  the 
Rockaway;  therefore  the  whole  flow  of  the  stream  is  available  at  these 
points  if  needed  for  the  purposes  of  the  canal.  Again,  along  the  Mus- 
conetcong, from  Stanhope  to  Sax  ton  Falls,  the  waters  of  the  canal  and 
river  mingle  at  several  points. 

Lake  Hopatcong,  Cnm berry  and  SUinhope  reservoirii,  and  Bear  and 
Waterloo  ponds  are  controlled  by  the  canal  (corporation,  and  the  water 
of  these  bodies  is  used  for  the  canal  supply.  All  except  Lake  Hopat- 
cong supply  the  western  sl()[)e  of  the  canal,  and  the  water  thus  reaches 
the  Delaware.  The  Hopatcong  feeder  (Mit(Ms  the  canal  at  the  sunnnit 
level  and  furnishes  the  whole  sui)i)]y  for  the  part  of  the  eastern  slope 
within  the  Highlands,  except  the  water  taken  from  Rockaway  River. 
Nearly  all  the  water  drawn  from  Lake  Hopatcong,  therefore,  passes 
down  the  eastern  slope  and  reaches  New  York  Bay,  instead  of  follow- 
ing the  original  course  of  drainage  from  the  lake  to  tlui  Delaware. 

Gagings  have  shown''  tiiat  the  canal  api)ears  to  ns(»  very  nearly  the 

a  Vemieule,  C.  C.,  Filial  Kept,  (it-ol.  Survi-y  Sew  Jcrst^y.  vol.  A,  Ai>i»CM<1ix  1.  \Vu\vt  Vunwt.  v.  \*J»i. 
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whole  supply  which  can  l)e  obtained  from  the  reservoirs  in  their  pres- 
ent condition — in  fact,  the  whole  available  supply  in  a  dry  season — as 
well  as  an  unknown  amount  from  the  streams  at  the  points  where  the 
waters  are  mingled;  but  by  raising  the  dams  and  increasiiigthe  storage 
the  reservoirs  could  be  made  to  supply  all  the  water  needed  by  the 
canal  in  the  driest  seasons,  as  the  rainfall  on  the  catchment  basin  is 
ample  when  carried  over  by  storage.  It  would  seem,  then,  that  the 
continued  use  of  the  canal  would  preclude  the  collecting  of  any  sur- 
plus water  from  the  upper  Musconetcong  and  Lubber  Run  watersheds. 
Nearly  all  the  water  used  by  the  canal,  however,  goes  to  make  good 
the  leakage,  which  is  large  on  account  of  the  hillside  location  of  long 
stretches  of  the  canal  and  the  nature  of  the  soil.  From  measui-ements 
made  by  Messrs.  J.  J.  R.  Croes  and  G.  W.  Howell  this  leakage  has 
been  estimated  at  1.74  cubic  feet  per  second  per  mile,  and  nearlj^  the 
whole  of  this  is  returned  to  the  streams,  hence  it  again  becomes  avail- 
able for  .storage  in  reservoirs  on  the  lower  courses  of  the  streams  and 
is  not  entirely  lost  as  a  source  of  municipal  supply. 

The  use  of  water  for  the  ordinary  purposes  of  the  canal  impairs  to 
a  very  considerable  extent  its  quality  for  domestic  water  supply, 
though,  indeed,  the  water  of  the  canal  is  used  to  some  extent  for  that 
purpose  in  some  of  the  towns  along  its  course.  Unfortunately,  in 
one  or  two  of  the  larger  towns  the  canal  receives  the  discharge  of 
vsewers,  and  throughout  its  length  it  is  the  receptacle  of  more  or  less 
refuse  of  all  sorts,  so  that  the  use  of  its  water  for  household  purposes 
ought  to  be  discontinued.  The  bulk  of  the  leakage  occurs  by  percola- 
tion through  the  soil,  and  hence  the  escaped  water  is  to  some  extent 
puritied  by  the  tiltmtion  it  undergoes  in  the  process;  but  much  of  it 
escapes  as  overflow  at  the  spillways,  and  the  filtration  of  mu(^h  of  the 
rest  is  probably  imperfect,  as  it  is  likel}^  that  long -continued  leakage 
along  certain  lines  has  estiblished  little  channels  in  the  soil  through 
which  the  water  percolates  with  little  or  no  filtration. 

The  water,  then,  of  valley  streams  which  derive  a  large  part  of  their 
flow  from  the  leakage  from  the  canal  is  still  of  doubtful  purity  for 
domestic  use,  but,  in  view  of  the  comparatively  small  pollution  which 
the  canal  water  must  suffer  and  the  large  dilution  which  the  escaped 
water  undergoes  by  mingling  with  stream  water  derived  from  other 
sources,  as  well  as  the  purification  which  would  be  brought  alxmt  by 
its  storage  in  large  reservoirs  on  the  lower  courses  of  the  streams,  it 
is  probable  that  the  escaped  water  is  not  unfit,  after  such  dilution  and 
purification,  to  be  stored  for  a  metropolitan  supply,  especially  if  the 
reservoirs  are  large  enough  and  the  dilution  is  ample.  It  should  be 
noted  in  this  connection,  however,  that  for  some  time  there  has  been 
a  movement  to  bring  about  the  abandonment  of  the  canal.  Should 
this  be  accomplished,  it  would  set  free  for  other  uses  the  large  quan- 
tities of  water  at  i)resent  required  for  the  purposes  of  the  csmal,  and 
would  remove  that  particular  source  of  pollution. 
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ux;al  water  Krpi'i.iKs. 


RfHiulretnenU, — ^There  are  about  20  towns  and  villages  in  or  upon 
the  immediate  border  of  the  part  of  the  Highlands  discussed  in  this 
paper  that  are  large  enough  to  need  water  systems,  and  10  of  them 
have  such  systems.  VV^ith  the  exception  of  Morristown  and  Dover 
these  places  are  all  of  less  than  4,0<X)  population,  and  the  amount  of 
water  needed  for  their  supply  is  comparatively  small.  The  total  pop- 
ulation of  those  towns  that  have  a  water  supply  is  about  32,000,  and 
of  those  towns  that  are  likely  to  need  such  a  supply  within  the  next 
ten  years  is  alK)ut  8,000,  so  that  the  total  number  of  people  for  whom 
local  supplies  of  any  magnitude  must  be  reserved  is  not  great. 

Present  source^, — As  will  be  seen  from  the  accompanying  table, 
(hose  towns  that  have  public  water-supply  systems  procure  water 
from  mountain  springs,  except  Dover  and  Morristown,  which  procure 
a  part  of  their  supplies  from  drilled  wells.  It  will  also  be  noticed 
that  municipal  ownership  is  rare,  onW  Dover,  Hackettstown,  and 
High  Bridge  owning  their  systems.  Most  of  the  systems  are  owned 
by  companies,  and  in  one  or  two  cases  the  ownership  is  private  and 
only  part  of  the  village  is  supplied  by  the  system.  The  present 
sources  of  suppl}'  are  ample  for  all  present  needs  as  well  as  for  the 
near  future,  while  in  the  cases  of  all  but  the  largest  towns  it  is  prob- 
able that  an  ample  supply  for  all  future  needs  can  always  be  obtained 
from  sources  now  available. 

The  data  incoi-porated  in  the  table  were  procured  by  correspond- 
ence with  oflScers  of  the  various  towns  or  of  the  water  companies. 
No  report  wa.s  received  from  (Tladstoiio,  and  the  data  given  are  derived 
from  the  best  information  available  foi*  that  village. 

Lint  of  municipal  iniii-r  mjstt'mn. 


Town. 


Popu- 
lation 

in 
1900. 


Source  of  KUpply. 


Kind  of  HV8- 


Sufflci- 


Ownership.    enoy  of  i  (Quality. 
'   supply,  I 


Morristown 11,  '2t>7       Springs  and  drilled  \\'v\\> (imvity  and  |  Private . . 

I  pumping.  I 

D.>Ter !  5,986    • do do '  Town 

Bi^mton 3,901    I  Springs (irnvity i  Company 

Washington...    3,fiW)    |  Springs  anrl  mountain  xtrcanj. do do... 


Ample..!  GckmI. 


2, 174       Mountain  stnnim  . 


Haekettxtown . 

High  Bridge...    1,377    |  Spring 

Bemardjrville  . '  1 . 300  ^ ,  Springs d 
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.do  . 


Town. 
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.       ed.  I 


Minton.... 
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«16      Springs ,  (iravity. 
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.do.... 
.do.... 


....do..., 
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Fair-... 

A  bun-  ' 
dant.   I 

Ample. . 

....do...' 

Not  re-  I 
IK)rte«l. 

Plent;    . 


Do. 

Not  re- 
ported. 

Good. 

Very 
good. 

Good. 

Do. 

Not  re- 
ported. 

Good. 

Slightly 
hani. 
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Tho  water,  l>oing  taken  directly  from  mountain  .springs  or  fioiw 
drilled  wells  in  favonible  loentions,  is  in  all  cases  pure  and  wholdjoine, 
and  there  is  slight  danger  of  contamination.  Morristown  and  Hack- 
ettstown  re{M>rt  analyses  that  show  water  of  exceptional  purity.  For 
all  except  the  larger  towns  the  springs  furnish  an  ample  supply,  ami 
hence  drilled  wells  have  been  resorted  to  only  whei-e  the  population  is 
so  large  that  the  supply  from  springs  has  been  insufficient. 

HCRPUH   srPPLlKS. 

Siiuu>  the  local  population  that  requires  a  public  water  supply  is  not 
large,  and  since  the  supply  is  in  all  cases  drawn  from  wells  or  springs 
and  not  from  streams  or  large  iK>nds,  the  effects  which  the  needs  of 
this  i>opulation  will  have  on  the  available  supply  for  metropolitan  pur- 
poses is  negligible.  On  the  other  hand,  since  for  most  of  those  town^ 
an  ample,  supply  can  in  the  future  be  obtained  from  the  present  sources, 
their  available  supply  is  not  likely  to  be  affecte^d  injuriously  by  the 
utilizfition  of  the  lake  and  stream  water  for  the  needs  of  the  largf 
cities.  Many  of  the  towns  along  the  eastern  bases  of  the  Highland:' 
seem  d(»stin(Hl  to  have  a  largo  increase  of  population  in  the  future  as 
nu^tropolitiin  suburbs,  and  provision  nuist  be  made  for  a  greater  sup- 
ply for  these,  but  they  are  fortunate  in  being  located  near  small  streams 
that  flow  from  the  hills,  which  are  of  sufficient  volume  to  supply  all 
their  needs,  but  which  run  at  too  low  an  elevation  or  furnish  tcx)  small  a 
(juantity  of  water  to  be  used  to  advantiige  for  the  supply  of  cities  at 
a  distance.  The  growing  manufacturing  centers  at  Washington  and 
about  Dover  and  Wharton  may  also  require  larger  amounts  of  water  in 
the  future  than  can  beobtJiined  from  springs  and  drilled  wells,  but  the 
needs  of  these  places  may  be  met  without  seriously  diminishing  thf 
supply  needed  for  city  purposes.  Washington  especially,  Iwing  located 
on  PohatcongCn^ek,  whi<»h  flows  to  the  Delaware  and  is  not  so  situated 
as  to  be  used  to  advantage  by  the  cities  lying  east  of  the  Highlands, 
will  probably  always  have  a  sufficient  supply  for  loi*al  needs.  Shon- 
gum  Pond  and  Den  Brook  may  easily  be  made  available  for  a  supply 
for  Dover,  and  might  well  be  reserved  for  that  purpose. 

Nt'edn  of  the  ntfiropolitan  arett. — The  need  of  water  for  the  metro- 
politan area  has  alre^d^^  been  briefly  mentioned.  Leaving  out  of  con- 
sidemtion  the  3,4(X),(X)()  inhabitants  of  the  New  York  part  of  the 
metropolitan  district,  there  are  over  1,100,000  in  the  New%fersey  por 
tion — about  60  per  cent  of  the  population  of  the  State.  The  popula 
tion  of  this  congested  area  is  increasing  at  the  rate  of  40  per  cent  ini 
decade,  and  should  the  increase  continue  at  the  same  i-ate  in  fifty  year 
the  population  of  the  New  Jersey  portion  of  the  area  alone  will  l> 
a  little  less  than  0,000,0(H).  To  keep  pace  with  this  incre^ise  ther 
must  necessarily  be  a  gradual  abandonment  of  the  local  sources  c 
wat^^r  supply  and  a  turning  to  more  distant  regions  where  the  suppl 
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ViU  \h}  \M}th  larger  and  in  less  danger  of  contaiiiination.  Newark  has 
ilready  taken  this  step,  and  Jersey  City  is  at  pre^sent  providing  for  a 
supply  from  the  Roekaway,  at  Old  Hoonton.  Other  large  cities  of 
the  district  must  soon  tiike  similar  measures. 

It  has  long  been  known  that  there  is  no  better  region  to  which  to 
turn  for  this  purpose  than  the  Highlands,  where,  not  more  than  25 
miles  from  any  of  the  cities  of  the  district,  a  pure  and  abundant  supply 
of  water  is  available.  Some  of  the  cities  of  the  metropolitan  area  are 
at  present  consimiing  about  95  gallons  of  water  a  day  per  capita,  and 
though  this  amount  seems  excessive  and  implies  waste  of  the  water, 
still,  to  provide  for  possible  contingencies,  a  source  of  supply  which 
will  be  capable  of  furnishing  1(X)  gallons  a  day  per  capita  if  necessary 
should  be  secured.  On  this  basis,  if  the  population  of  the  New  Jersey 
portion  of  the  metropolitan  district  continues  to  increase  at  the  present 
rate,  in  fifty  years  the  inhabitants  will  require  a  supply  of  not  less 
than  500,006,000  gallons  a  day. 

Amoiuit  of  supply, — According  to  the  estiuiates  of  C.  C.  Vermeule,^ 
the  amount  of  water  which  can  be  collected  on  each  of  the  watersheds 
of  this  region  with  proper  storage  is  as  follows: 

Rockaway  River  (above  Boon  ton),  78  million  gallons  a  day;  Raritan 
River  (Highland  branches),  92  millions;  Musconetcong  (above  Hamp- 
ton), 82  millions;  a  total  of  252  million  gallons  a  day.  An  equal  or 
greater  amount  could  be  collected  from  the  Kamapo,  Wanaque,  and 
Pequannock  rivers  in  the  northeastern  Highlands,  so  that  the  amount 
of  water  in  the  Highlands  which  could  be  used  for  metropolitan  supply 
is  upwards  of  500  million  gallons  a  day,  an  amount  very  much  in 
excess  of  the  present  needs  of  the  New  Jersey  portion  of  the  metro- 
politan area,  and  sufficient  to  meet  the  wants  of  this  area  for  a  long 
time.  This  estimate  takes  no  account  of  the  waters  of  the  Highland 
portions  of  the  Passaic  and  Whippany,  which  are  small  in  amount  and 
iHsue  from  the  hills  at  so  low  an  elevation  as  not  to  be  advantageously 
used  to  supply  places  at  a  distance:  nor  of  the  Pohatcong  and  Pequest, 
which  flow  to  the  Delaware,  and  the  waters  of  which  could  not  l>e 
carried  to  the  eastern  side  of  the  Highlands  without  considemble 
expense.  Furthermore,  these  last  streams  drain  limestone  areas,  and 
their  waters  are  not  so  desirable  for  use  as  those  of  the  more  strictly 
Highland  streams. 

The  water  of  the  four  important  Highland  streams  which  flow  east- 
w^ard,  the  Rockaway  and  Black  rivers  and  the  North  and  South 
branches  of  the  Raritan,  can  be  collected  in  storage  basins  at  or  near 
the  points  where  they  issue  from  the  Highlands  and  delivered  by 
gravity,  making  them  easily  available,  and  at  relatively  small  expense. 

•Yenneule.  C.  C,  Water  supply:  Geol.  Survey  of  New  Jersey,  vol,  3,  pp.  145.  et  seq.    The  writer 
deiim  hero  to  acknowledge  his  indebtedna<«  to  thiH  book,  which  Ik  a  mine  of  valuable  informatioo 
Rcsanting  the  water  resouroea  of  New  Jersey  and  has  been  used  freely  in  the  preparation  of  tbtoi 
»H»er. 
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Tlu»  North  I^ninch  of  ltcK*kaway  Creek,  in  Hunterdon  County,  <x)uld 
also  1)0  used  to  advantH|:^c  by  the  construction  of  a  reservoir  near 
Mouiitainville,  and,  it  is  ostiinatcd,  would  furnish  more  than  8  million 
trillions  a  day.  The  waters  of  the  Museonotconi^  could  lie  made  aYail- 
al)le  by  the  construction  of  a  storage  basin  at  Hampton  and  a  tunnel 
through  the  hill  to  (xlen  Gardner,  and  thence  to  the  South  Branch  of 
the  liaritiui;  or  a  part  of  the  Mus<^onetcong  could  be  utilized  by  the 
construction  of  a  reservoir  in  the  upper  valley  and  a  tunnel  through 
Schooley  Mountain.  Furthermore;  Lake  Hopatc»ong,  which  drains 
naturally  to  the  Musconetcong,  lies  so  close  to  the  divide  that  its 
waters  could  be  diverted  to  the  Rockawa}-  and  thus  about  17  million 
gallons  a  day  could  l)e  added  to  the  flow  of  that  stream. 

There  is  a  variation  of  over  50  per  cent  between  the  least  and  great- 
est minfall  in  the  Highland  region,  and  thus  a  very  great  variation  in 
the  amount  of  water  collectible  in  dry  and  wet  years,  but  the  esti 
mates  of  Mr.  Vermeulc  are  conservative  and  are  based  on  the  com- 
puted flow  for  the  driest  eighteen  consecutive  months  on  record,  and 
the  amount  of  water  given  as  available  for  the  different  streams  may 
be  relied  upon  under  all  conditions. 

Character  of  the  watt  r. — The  water  of  the  Highlands  in  its  natural 
state  is  of  the  very  lK\st  quality,  and  a  more  satisfactory  supply  from 
this  |x>int  of  view  could  not  be  desired.  Under  present  conditions, 
however,  the  water  of  the  larger  streams  and  of  one  or  two  of  the 
lakes  sutfers  contamination  from  several  sources,  and  this  must  l)e 
guarded  against  before  the  water  will  be  entirely  tit  for  use.  The 
Rockaway  receives,  abov(>  the  reservoir  now  being  constructed  for  the 
Jers(\v  City  supply,  the  sewage  of  Boonton,  Rockaway,  Dover,  and 
Wharton,  with  an  aggregat*^  population  of  14,0(K).  This  sewage,  how- 
ever, is  all  to  be  diverttnl  before  the  reservoir  is  put  into  service,  and 
the  topogniphy  of  the  region  is  such  that  this  can  be  done  with  little 
trouble.  Hackettstown,  with  2,500  inhabitants,  is  situated  on  the  mid- 
dle course  of  the  Musconetcong,  and  there  are  increasing  summer  colo- 
nies on  the  shores  of  Hopatcong  and  Budd  lakes,  while  there  are  still 
one  or  two  important  iron-mining  localities  in  the  region,  besides  a 
large  blast  furnace  at  Wharton.  All  these  are  to  a  considerable  extent 
sources  of  contamination,  but  in  nearly  all  cases  the  drainage  can  be 
conducted  out  to  points  below  the  sites  where  storage  basins  could  be 
most  advantageously  constructed. 

Though  the  village  population  is  rather  large  in  some  other  parts  of 
the  region,  as  along  the  stretch  of  German  Valley,  where  the  villages 
from  Kenville  to  Califon  have  an  aggregate  population  of  over  3,(HX>, 
it  is  as  a  whole  not  increasing,  and  the  rural  population  nearly  every- 
where is  decreasing,  so  that  the  danger  of  contamination  other  than 
from  the  large  towns  and  manufacturing  centers  seems  likely  to 
decrease  rather  than  increase  in  the  future. 
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Availability. — Here,  in  immediate  proximity  to  a  lar^e  and  rapidly 
growing  urban  district,  for  which  there  will  bt»  need  in  the  not  very 
distant  future  of  an  abundant  water  supply,  is  a  region  which  is 
e^Mcially  fitted  by  itn  natural  advantages  to  be  the  gathering  ground 
for  that  water  supply — a  very  nearly  ideal  gathering  ground.  It  seems 
certain,  if  the  growth  of  the  metropolitan  population  continues  at  its 
present  rate,  that  in  a  few  decades  it  will  be  necessary  to  utilize  very 
nearly  all  the  available  water  obtainable  in  the  Highlands  for  the  needs 
of  that  population  and  to  conserve  the  supply  by  the  constioiction  of 
^rage  reservoirs.  For  this  purpose  it  will  therefore  l)e  necessary  to 
set  apart  considei-able  portions  of  the  region,  both  to  provide  room  for 
the  storage  basins  and  to  prevent  contamination  within  their  catchment 
areas. 

This  seems  inevitable,  and,  like  all  work  of  the  kind,  it  can  be  done 
at  less  expense  and  at  greater  advantage  now  than  later,  and,  as  a 
further  motive  for  early  action,  it  should  be  noted  that  the  present 
need  is  great.  When  there  are  also  taken  into  considemtion  the 
manifest  adaptability  of  this  region  for  use  as  a  State  park  and  the 
desirability  of  preserving  its  natui-al  beauty  for  th<i  enjoyment  of  the 
people  of  the  densely  settled  area  to  the  cast,  together  with  the  fact 
that  this  ase  of  the  region  would  not  conflict  with  its  use  as  a  source 
of  Water  supply,  the  argument  for  the  sequestmtion  of  a  large  part 
of  the  Highland  area  by  State  action,  with  the  conservation  of  its 
natural  beauty  as  well  as  its  waters  for  the  use  of  over  one-half  of  the 
people  of  the  State,  becomes  more  potent.  Indeed,  it  may  well  be  a 
!«ubject  for  interstate  action,  since,  as  has  been  shown,  the  needs  of 
the  population  on  the  New  York  side  of  the  Hudson  are  likely  soon 
to  lie  greater  that  can  well  be  supplied  from  watersheds  within  the 
bounds  of  New  York  State,  while  since  the  advantages  of  the  High- 
lands as  a  recreation  ground  would  be  as  easily  available  to  the  people 
of  New  York- as  to  those  of  New  »Iersey,  the  former  State  could  well 
afford  to  share  w^th  the  latter  the  expense  of  secjuestration  of  the 
region,  especially  since  a  considerable  part  of  the  New  York  High- 
lands could  advantageously  be  included  within  the  area  which  it  is 
desirable  to  reserve  for  this  purpose. 


WATER  RESOURCES  OF  THE  CHAMBERS- 
BURG  AND  MERCERSBURG  QUADRANGLES, 
PENNSYLVANIA. 


By  (fE()K(iE  W.  Stose. 


The  Chambcrsburg  and  Mcrcersburg  quadmngles  are  Iwated  in 
southern  Pennsylvania,  about  midway  between  the  eastern  and  western 
limits  of  the  State,  their  southern  boundaries  lying  within  2  miles 
of  the  Pennsylvania-Maryland  line.  Tbey  include  a  portion  of  the 
Cumberland  Valley,  extending  from  South  Mountain  at  Waynesboro, 
Franklin  County,  to  Tuscarom  Mountain  on  the  west,  and  a  small 
portion  of  Fulton  County  about  MeConnellsburg. 

The  principal  streams  in  this  area  are  the  Conococheague,  flowing 
from  South  Mountain  westward  across  the  area:  the  West  Branch  of 
the  Conococheague,  flowing  from  north  to  south  and  joining  the  Cono- 
coi'heague  at  the  southern  boundary  of  the  area;  Licking  Creek  and 
Back  Creek,  tributaries  of  the  Conococheague:  and  Little  Antietam 
Creek,  issuing  from  South  Mountain,  in  tlu^  east^^rn  jx^rtion  of  the  area. 
All  of  these  streams  have  a  plentiful  flow  of  water  thioughout  the 
year.    They  are  dammed  at  many  places  f oi*  water  power  to  run  grist, 
saw,  and  woolen  mills.     Many  of  the  minor  streams  are  similarly  util- 
ized on  a  smaller  scale.     At  the  mill  above  the  village  of  Markes  an 
electric  plant  has  been  erected,  which  supplies  Mercersburg  and  some 
of  the  smaller  neighboring  towns  with  light.     Electric  railways  are 
being  constructed  in  the  area,  and  the  mountain  streams,  especially 
Buck  Run  at  Cove  (rap,  are  contemplated  as  a  source  of  ix)wer.    The 
mountain  streams  have  not  \>een  utilized  to  great  extent  for  this  pur- 
pose, but  they  promise  to  be  a  fruitful  source  of  power  by  reason  of 
their  constant  supply  of  water,  the  feasibility  of  damming,  and  the 
largo  fall  which  may  be  obtained. 

All  the  streams  in  the  mountain  valleys  and  ravines  furnish  good- 
sized  flows  of  pure,  limpid  water.  On  reaching  the  open  limestone 
valley  the  water  rapidly  sinks  into  the  mountain  wash  and  disa]>pe^rs, 
ultimately  finding  its  way  into  subterranean  fissures  in  th(»  limestone. 
There  are  many  large  springs  in  the  limestone  area,  but  no  system  of 
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underji^round  channels  has  been  observed.  The  water  from  these  lime- 
stone springs  is  also  pure  and  sparkling  as  it  flows  from  its  rock  cav- 
ern:?, but  this  is  due  to  its  high  content  of  lime  carbonate,  which  is 
aihsequently  precipitated  as  mechanical  sediment.  On  this  account  it 
is  not  so  desirable  for  domestic  uses  as  the  pure  mountain  water,  and 
most  of  the  larger  towns  pipe  their  water  from  the  mountains. 

Chambersburg,  the  county  seat  of  Franklin  County  and  the  railroad 
center  of  the  area,  obtains  its  water  from  Conococheague  Creek,  from 
which  it  is  raised  100  feet  to  reservoirs  on  the  shale  hills  opposite  the 
town.  This  creek  emerges  from  the  mountains  12  miles  east  of  Cham- 
bersburg, where  it  is  fed  by  many  mountain  streams.  It  is  in  general 
t  large  stream,  but  at  this  distance  from  the  mountains  it  is  often 
muddy  and  at  times  low,  and  is  subject  to  contamination  by  waste  from 
small  towns  and  mills  along  its  course.  The  water  is  therefore  not  of 
the  be.st  quality.  A  purer  and  more  desirable  supply  could  be  obtained 
from  Rocky  Spring  or  Falling  Spring,  alK)ut  4  miles  distant,  the  waters 
of  both  of  which,  however,  are  hard;  or,  l)etter  still,  from  Crawford 
Springs,  which  issue  from  the  sandstones  of  South  Mountain,  7  miles 
east  of  the  town. 

Waynesboro  obtains  its  water  from  a  small  mountain  stream  in  South 
Mountain  4  miles  to  the  east,  where  a  receiving  reservoir  has  been 
constructed  250  feet  above  the  town.  The  distributing  reservoir  is 
located  on  a  shale  hill  to  the  north  of  the  town.  Fayetteville,  although 
it  depends  chiefly  on  well  water,  pipes  part  of  its  supply  from  springs 
in  South  Mountain. 

The  State  Soldiers'  Orphans'  Industrial  School  at  Scotland  has  a 
water  system  of  its  own,  utilizing  some  small  springs  on  the  premises 
and  pumping  the  water  to  an  elevated  tjink.  Grocncastle  takes  its 
water  from  several  limestone  springs  that  supply  a  reservoir  situated 
i  miles  east  of  the  town  and  150  feet  above  it. 

Fort  Loudon  has  incased  a  spring  on  the  east  side  of  Cove  Moun- 
tain, 1  mile  west  of  the  town,  and  the  water  is  made  to  flow  contin- 
ually through  the  old  public  pumps  on  the  main  street,  from  which 
the  inhabitants  help  themselves.  This  supply  is  unusually  pure  and 
cool  on  a(;count  of  its  continual  flow  and  because  it  does  not  stand  in 
an  open  reservoir.  A  similar  flowing  public  pump  is  located  at  Foltz, 
at  which  place  the  waters  of  Buck  Run  are  taken  where  it  issues  from 
the  mountains.  A  company  has  been  formed  to  pipe  this  water  from 
a  point  farther  back  in  the  mountains  to  the  town  of  Mercersburg 
(4  miles  southeastward),  which  at  present  has  only  private  wells. 

McConnelLsburg,  west  of  the  mountains,  is  supi)lied  from  a  spring 
and  I'eservoir  on  the  mountain  slope  200  feet  above  the  town  and  1^ 
miles  distant.  The  other  smaller  villages  in  the  area  depend  on  pri- 
vate wells  and  springs  for  their  supply. 
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In  South  Mountain  there  are  several  noted  springs.  Mont  Alto 
Park,  formerly  belonging  to  the  Mont  Alto  Furnai*e  Company,  but 
recently  purchased  by  the  State  as  a  timber  reserve,  is  located  in  a 
gap  through  which  flows  a  stream  that  is  supplied  by  a  number  of 
fine  springs,  which  issue  from  the  sandstone.  Pearl  and  Tarburner 
springs  are  the  best  known.  The  mountains  at  the  gap  have  a  dense 
growth  of  large  pine  and  fir,  preserved  by  the  Mont  Alto  Company,  and 
the  park  which  that  company-  established  here,  with  its  pure  mountain 
stream  and  springs,  and  outlooks  on  the  heights  above,  is  one  of  the 
most  attractive  resorts  in  South  Mountain.  All  that  it  lacks  to  make 
it  complete  is  a  hotel. 

At  Crawford  Springs,  in  South  Mountain,  2  miles  north  of  Fayette- 
ville,  Doctor  Crawford  once  conducted  a  health  resort.  A  hotel  was 
located  here,  and  baths  were  built  over  the  springs.  The  Tarburner 
Spring  was,  and  is  still,  similarly  utilized.  Springs  are  plentiful  in 
Tuscarom  Mountain  also,  but  none  have  been  developed  for  special 
purposes. 

There  are  several  large  limestone  springs  in  the  area,  marked  by 
beds  of  water  cress  and  by  statel}'  weeping  willows.  At  Falling 
Spring  and  Aqua,  3  miles  east  of  Chambersburg,  there  are  numerous 
large  springs,  which  join  to  form  a  good- sized  stream.  These  issue 
from  sandy  beds  in  the  limestone  series  on  the  sides  of  an  anticline. 

Rocky  Spring,  4  miles  north  of  Chamlx^rsburg,  flows  from  the  lime- 
stone at  a  fault  contact  with  overlying  shales.  This  large  spring  is 
one  of  the  chief  sources  of  Back  Creek. 

Blue  Spring,  3  miles  southwest  of  Mercersburg,  issues  in  a  large 
pool  from  the  center  of  a  flat  anticline  in  the  limestone,  but  again 
flows  through  a  cavern  before  it  finally  emerges  to  form  one  of  the 
chief  sources  of  Licking  Creek. 

Mount  IloUy  Springs,  about  "25  miles  northeast  of  this  area,  along 
South  Mountain,  is  a  very  attmctive  summer  resort.  The  springs 
issue  from  the  sandstone  cut  by  the  gap,  and  a  prett}^  park  has  been 
built  around  them.  Two  hotels  located  here  entertain  a  large  numl>er 
of  summer  visitors.  A  paper  mill  in  the  gap  uses  the  pure  mountain 
water  directly  from  the  springs  and  makes  a  high  grade  of  bond  paper, 
which  is  used  by  the  (joverninent.  Another  paper  mill  uses  the  town 
water,  which  is  piped  from  a  reservoir  at  Cold  Springs,  3  miles  to  the 
southwest.  This  is  not  so  fresh  nor  so  clear  as  the  water  at  the  upper 
mill,  and  consequently  the  paper  is  not  of  so  high  a  gmde. 


^ATER  RESOURCES  OF  THE  CURWENSVILLE, 
PATTON,  EBENSBURG,  AND  BARNESBORO 
QUADRANGLES,  PENNSYLVANIA. 


By  Frederick  G.  Clapp. 


These  quadrangles  are  i^ituated  near  the  eastern  edge  of  the  bitiini- 

bous  coal  field  in  the  west-central  part  of  Pennsylvania.     The  first 

^  three  named  cover  a  north-south  belt  lying  mostly  in  Clearfield  and 

f'Ownbria  counties,  but  include  small  portions  of  Bedford  and  Blair; 

[ftc  Bamesboro  lies  west  of  the  Patton,  in  Cambria  and  Indiana  coun- 

'  ties.    Within  the  area  itself  there  are  no  large  towns;  but  Clearfield, 

tith  5,000;  Altoona,  with  29,000;  and  Johnstown,  with  36,000  inhabi- 

tints,  lie,  respectively,  4,  5,  and  10  miles  outside.     Throughout  the 

rpgion  are  scattered  a  number  of  flourishing  mining  and  other  towns 

having  a  population  of  less  than  3,000,  and  some  of  the  better  parts 

of  the  basins  support  a  scanty  farming  population.     About  one-half  of 

it  consists  of  extensive  barren  tmcts,  either  forested  or  burnt  over, 

which  arc  very  sparsel}'^  inhabited. 

The  Ebensburg  quadrangle  contains  some  of  the  highest  land  in  the 
State,  the  anticline  along  the  crest  of  Allegheny  Mountain  forming 
the  water  parting  between  the  Conemaugh  and  Little  Juniata  rivers. 
A  second  belt  of  high  land  enters  the  area  along  the  Viaduct  and 
Uurel  Hill  anticlinal  axes;  a  third,  less  continuous,  along  the  Nolo 
axis,  in  the  Barnesboro  quadrangle;  and  a  fourth,  a  broad,  high  wil- 
<ierness  along  the  Driftwood  axis,  cuts  across  the  northwest  comer  of 
the  Curwensville  quadrangle.  With  a  few  exceptions  the  principal 
streams  flow  in  a  northeast  course,  following  in  a  general  way  the  anti- 
clinal axes.  The  largest  river  is  the  West  Branch  of  the  Susquehanna, 
which  rises  on  the  west  side  of  Laurel  Hill  near  Carrolltown  and  flows 
W  miles  before  finally  leaving  the  area.  Chest  Creek,  a  tributary  to 
the  Susquehanna  at  MahafFey,  has  a  total  length  of  31  miles.  Clear- 
field Creek,  flowing  northeastward  from  Cresson  along  the  western  slope 
of  Allegheny  Mountain,  has  22  miles  of  its  length  within  the  area. 
Other  less  important  streams  are  the  Conemaugh  Kiver,  Two  Lick, 
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lilack  Lick,  Andei*son,  and  Little  Cleai*field  creeks.     The  grade  of  the 
streamH  is  usually  light,  and  none  of  them  are  used  for  power  except 
locally.     In  a  few  instances,  the  most  important  of  which  are  at  Patton 
and  Curwensville,  the  water  supply  for  towns  is  taken  from  neighbor-  i 
ing  creeks. 

With  the  exception  of  small  tracts  of  Pottsville  sandstone^  and  of 
an  area  of  lower  Carboniferous  and  Devonian  rocks  in  the  sooth- 
eastern  part  of  the   Ebensburg  quadrangle,  the  region  is  covered 
entirely  by  the  Lower  Productive  and   Lower   Barren  Coal  Meas- 
ures, and,  as  the  dips  are  very  gentle,  rarely  exceeding  200  feet  in  a  \ 
mile,  springs  arc  numerous  throughout,  furnishing  the  farming  popu- . 
lation  with  abundant  drinking  water  of  excellent  quality.     Several  of , 
the  smaller  towns  obtain  their  water  supply  from  this  source.    The  , 
principal  exceptions  to  the  general  abundance  of  springs  are  on  the  ■ 
barren  sandstone  flats  covering  the  crests  of  many  of  the  ridges  and  , 
in  some  of  the  shales  of  the  barren  measures,  where  they  form  hilltops 
along  the  Wilmore  and  Johnstown  basins.     The  water  of  the  region  . 
is  nearly  always  soft. 

At  Cresson  station  is  situated  the  Cresson  Springs  Hotel,  now 
closed,  but  formerly  a  summer  resort  of  the  Pennsylvania  Railroad, 
which  made  nuich  of  the  water  from  a  "magnesia  spring"  coming 
from  a  shale  ])ed  some  distance  above  the  Mahoning  sandstone.  A 
mile  southea.^t  of  the  town  arc  an  ''iron  spring"  and  a  "sulphur 
spring,"  located  at  the  horizon  of  the  Upper  Freeport  coal.  Several 
hotels  at  Cresson  and  Altoona  are  reported  to  serve  water  from  these 
springs,  and  it  is  also  sold  extensively  in  Pittsburg.  The  following 
jiiinlyses  of  the  waters  were  made  by  Pi'of.  F.  A.  Genth:<* 


Anabjiu'n  of  n'uier  in  sjinngs  near  Cresson  gtaiianj  Pa. 
[In  part*  per  1,000,000.] 


Iron  spring. 


r 


Alum  Rpring. 


n  I 


Sulphate  of  ferric  oxide Trace. 

Sulphate  of  alumina 27. 4 

Sulphate  of  ferrous  oxide 401 . 5 

Sulphate  of  magnesia :  3S(5. 1 

Sulphate  of  lime SH6. 5 

Sulphate  of  lithia Trace. 

Sulphate  of  80<la 28. 1 

Sulphate  of  potash 5. 5 

Chloride  of  sodium .7 
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571.0 

362.6 

278.0 

473.  6 

687.4 

.8 

12.0 

7.3 

.4 


Magnesia 
spring. 


l.S 


21.1 
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Analifses  ofwaler  in  tprings  near  Oresson  gUUimif  Pa. — Continaed. 


fiicarbonate  of  iron 

Bicarbonate  of  znanganese. 

Bicarbonate  of  lime 

Phoephate  of  lime 

Siicic  acid 

Cbloride  of  magnesium  — 

Chloride  of  calcium 

Kcarbonate  of  magnesia. . 

.  Bkarbonate  of  soda 

;  Bicarbonate  of  potash 

Akmina 

Kitrous  acid 

Girbonic  acid  (free) 


Iron  spring. 


Alum  spring. 


86.1 

Trace. 

«0.3 

.5 

20.7 


64.1 


Magnesin 
spring. 


Trace. 
32.0 


l,a53.4 


0.3 

Trace. 

.4 

.1 

15.6 

9.6 

22.3 

7.1 

24.4 

3.5 

.1 

Trace. 

11.3 


2,489.2  ]  117.6 


The  drinking  and  cooking  «uppjy  of  the  towns  is  obtained  from 
various  sources,  a  tabulated  list  of  which  Ls  given  below.  Several  of 
thejie  are  worthy  of  especial  note.  Curwensville  obtains  its  principal 
supply  from  mountain  springs  situated  2  to  3  miles  from  the  town, 
which  have  been  analyzed  and  found  to  be  exceedingly  pure.  In 
the  middle  of  the  summer  these  springs  sometimes  run  low,  and  at 
such  times  the  water  of  Anderson  Creek  is  used,  being  pumped  to  a 
miem  of  sand  beds  through  which  it  is  filtered.  Whenever  a  change 
is  made  to  creek  water  the  company  gives  notice  to  consumers  that  it 
should  be  filtered  or  boiled  before  using.  The  most  extensive  use  of 
creek  water  is  at  Patton,  where  the  water  of  Chest  Creek  is  used 
almost  entirely,  being  pumped  by  the  Patton  Water  Company  unto 
reservoirs.  This  water  is  of  very  good  quality.  In  addition  to  the 
appended  list  Altoona  and  Holidaysburg  must  ])e  mentioned,  as  they 
obtain  their  water  supply  principally  from  within  the  Patton  and 
Ebensburg  quadrangles.  The  former  place  uses  water  from  Burgoons 
Gap  Run,  below  Delaney;  the  latter  from  Blairs  Gap  Run.  The 
Pennsylvania  Kailroad  supply  in  the  vicinity  of  Cresson  comes  from  a 
reservoir  in  Bear  Rock  Run,  several  miles  distant. 
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Sources  of  supply  of  ike  principal  iovms. 


Name. 

Popula- 
tion. 

Source  of  supply. 

Quality  of  water. 

GaUitzin 

j    2,700 

! 

'  Pumped    to    reservoir   from 
moui^tain  stream  1}  miles 
north  of  town. 

Reported  fairly  good. 

Fatten  « 

1     2,600 

Pumped    to   reservoirs   from 
Chest  Creek. 

Good. 

1,900 

[Mountain  springs 

Excellent. 

Curwensville  ... 

I  Anderson  C&eek  when  springs 
t     run  low. 

Must  be  filtered. 

Cresson 

1     1,700 

1 

Reservoir  on  hillside  east  of 
town. 

Hastings 

1,600 

Reservoir  in  ravine  above  Stir- 
ling No.  8  mine. 

Ebensburg 

1,600 

Artesian  wells 

Good. 

Spangler  « 

Bamesboro^ 

1,600 
1,500 

IReserv'oir   in    ravine    below 
/    Benedict. 

Contaminated  by  diain- 
age. 

Lilly 

1,300 

Small  stream  2  miles  east  of 
town     fed     by    mountain 
springs. 

Supposed  to  be  good. 

Coalport  <f 

Portage 

Carrolitown 

900 

Wells 

Good. 

800 

800 

Pumped  from  spring 

Reported  to  be  beet  qual- 
ity. 

Mahaffey 

700 

PilMxl  to  town  from  wells  and 
springs. 

Irvona 

700 

No  waterworks;    supply    ol> 
tained  from  wells. 

Grampian 

600 

Two  privat<3  water  lines  from 
spnngs  within  the  lx>rougli 
limits    supply    about   one- 
third  of  town;  rest  of  supply 
from  wells. 

Wells  are  good;  water 
from  private  lines  has 
been  questioned,  as  it 
is  in  danger  of  contami- 
nation. 

<i  Discussed  in  the  text. 

The  poorest  source  of  supply  is  probabl}^  that  of  Barnesboro  and 
Spangler.  These  two  towns  have  granted  a  franchise  to  a  private 
company  by  w  hich  they  are  furnished  with  water  from  a  reservoir  in 
the  ravine  southeast  of  Spangler.  Above  the  reservoir  has  been  built 
the  mining  town  of  Benedict,  the  dniinage  of  which  dangerously  con- 
taminates the  Barnesboro  and  Spangler  supply.  Several  alternative 
sources  have  been  suggested,  the  most  practicable  plan  proposed  prob- 
ably being  to  use  the  water  from  Lancashire  No.  8  mine,  which  is  supposed 
not  to  be  seriously  polluted,  and  which  is  now  pumped  to  a  private  reser- 
voir. The  use  of  this  water  or  that  from  some  still  less  contaminated 
ravine  in  the  vicinity  might  afford  relief,  Imt  it  is  doubtful  whether 
the  improvement  would  be  more  than  temporary.  Barnesboro  and 
Spangler,  together  with  the  neighboring  towns  of  Moss  Creek,  Cym- 
hria,  Bakerton,  Hastings,  and  Benedict,  a\\  vj\l\i\iiaTvvd;\\3L^oi^mile8^ 
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omprUe  a  growing  mining  community  which,  if  it  increases  in  popu- 
itioQ  at  the  present  rate,  will  in  a  short  time  contaminate  all  the 
'atcr  in  the  vicinity.  It  is  improbable  that  any  of  the  ravines  con- 
liniiig  outcrops  of  workable  coal  can  escape  contamination  within  the 
ext  few  years. 

Conditions  similar  to  those  in  the  vicinity  of  Barnesboro  exist  on  a 
nailer  scale  at  many  other  mining  towns,  both  within  and  without 
ie  area  under  consideration.  While  many  of  these  towns  now  have 
itisfactory  water  supplies,  a  large  number  have  not,  and  it  seems 
robable  that  the  question  of  water  supply  will  soon  become  serious. 
ince  only  temporary  relief  can  be  afforded  by  change  from  one  sur- 
ice  source  to  another,  it  will  be  necessary  to  prospect  below  ground. 
Heretofore  the  abundance  of  good  springs  in  the  region  has  made  it 
inecessary  to  sink  many  wells,  although  shallow  wells  are  frequent 
)ng  the  valleys  of  the  larger  streams  and  in  most  of  the  towns,  and 
ep  wells  have  been  sunk  at  a  number  of  places.  The  most  abundant  of 
»e  are  in  the  vicinity  of  Ebensburg  and  Chest  Springs.  At  Ebens- 
rg  they  furnish  the  water  supply  of  the  town,  which  is  consequently 
the  best  quality.  On  the  hills  immediately  east  of  Chest  Springs  a 
liber  of  wells  have  been  drilled  in  the  barren  measures  and  some- 
les  reach  to  depths  exceeding  100  feet  lx»-fore  striking  water.  Iso- 
?d  wells  were  observed  at  farmhouses  on  the  ridges  southeast  of 
rwensville,  south  of  Mahaffey,  and  in  the  vicinity  of  Marron.  At 
oint  directly  south  of  Lumber  City  a  tank  has  been  erected  on  a  hill 
contain  water  for  irrigating  an  orchard.  This  is  the  only  case  of 
igation  known  in  the  region.  At  the  tanneries  in  Curw^ensville,  on 
flood  plain,  several  wells  have  \)een  drilled,  which  supply  abundant 
ter  from  horizons  100  to  200  feet  below  the  top  of  the  Pottsville 
mation.  At  the  Westover  tannery  there  is  a  well  182  feet  in  depth. 
B  only  flowing  well  obsen^ed  was  at  Wilmore.  This  has  a  strong 
r,  due  to  a  head  of  1,000  feet,  caused  by  the  anticlinal  structure  of 
egheny  Mountain  on  the  east  and  indicates  that  if  from  any  cause 
ter  should  ever  become  scarce  an  abundant  supply  could  probably 
obtained  by  sinking  artesian  wells  along  the  Wilmore  basin.  Simi- 
conditions,  but  with  a  smaller  head,  must  prevail  in  the  other  basins, 
irould  seem,  therefore,  that  the  only  true  and  permanent  remedy  for 
>r  water  supply  in  the  coal-mining  towns  will  be  to  drill  ailesian 
Us  along  the  deeper  basins.  In  view  of  the  far-reaching  importance 
pure  drinking  water,  it  can  not  be  urged  too  strongly  that  test  wells 
pat  down  at  well-chosen  points  in  the  several  Imsins.^  This  is  the 
y  way  to  determine  with  absolute  certainty  whether  or  not  such  a 
>ply  is  available. 


i  this  report  was  written  the  pure-water  problem  has  been  Bnccessfully  solved  by  the  borough 
Mlport,  which  has  had  two  wells  drilled  into  the  PottoviUe  sandstone.  These  wells  arc  reported 
id  little  water  In  the  sandstone  itself,  but  to  obtain  a  good  supply  from  the  fire  clay  direc'tly  below 
Bnx^Tille  or  "A"  coal.  The  water  has  a  very  pleasing  taste  and  exists  in  sufficient  quantity  to 
1I7  the  entire  town.    A  good  head  is  obtained  by  pumping  to  a  reservoir  on  the  hilL 


WATER  RESOURCES  OF  THE  ELDERS  RIDGE 
QUADRANGLE,  PENNSYLVANLA.. 


By  Ralph  W.  Stone. 


The  Elders  Ridge  quadrangle  is  located  in  west  central  Pennsylvania, 
between  the  valleys  of  Cowanshannock  Creek  and  Conemaugh  River, 
and  covers  an  area  of  about  225  square  miles.  The  boundary  line 
between  Armstrong  and  Indiana  counties  extends  from  the  northeast 
corner  of  the  quadrangle  to  Kiskiminitas  River,  in  the  southwest 
corner. 

The  topography  of  the  quadrangle  is  hilly.  The  extremes  of  alti- 
tude range  from  825  feet  on  Kiskiminitas  River,  near  Salina,  to  1,625 
feet,  the  elevation  of  the  top  of  Watt  Hill,  the  highest  point  in  this 
vicinity.  Although  the  difference  in  altitude  between  the  highest  and 
lowest  points  is  therefore  about  800  feet,  the  average  distance  between 
the  valley  bottoms  and  the  uplands  is  not  more  than  300  feet.  A  few 
small  areas,  each  comprising  less  than  a  square  mile,  are  approximately 
level.  These  are  the  terrace  and  flood-plain  deposits  along  the  larger 
streams.  Some  of  the  ridges  appear  comparatively  flat  topped  when 
viewed  from  an  elevation.  The  valleys  are  narrow  and,  as  a  general 
rule,  without  notjible  flood  plains. 

The  drainage  of  this  quadrangle  is  westward  into  Allegheny  River. 
The  largest  stream  is  Kiskiminitas  River,  which  crosses  the  southwest 
corner  for  a  few  miles.  It  is  shallow,  has  a  number  of  rifts,  and  can 
not  be  navigated  except  by  rowboats,  and  even  by  them  only  for 
short  distances.  The  main  tributary  of  the  Kiskiminitas  in  thi& 
quadrangle  is  Blacklegs  Creek,  the  largest  stream  in  the  southern  half 
of  this  territor3\  It  rises  in  the  vicinity  of  Parkwood  and  West 
Lebanon  and  flows  southwestward  to  its  mouth  at  Saltsburg.  This 
stream  is  so  small  that  it  can  be  forded  at  a  number  of  places,  and  its 
grade  is  so  gentle  that  a  dam  near  its  mouth  backs  the  water  up  for  a 
considerable  distance. 

Crooked  Creek  flows  across  the  northern  half  of  the  quadrangle  from 
east  to  west,  and  receives  the  waters  of  Plum  Creek  and  Cherry  Run. 
East  of  Girty  the  valley  of  Crooked  Creek  is  comparatively  broad, 
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bat  from  that  point  westward  the  stream  flows  through  a  deep  and 
narrow  gorge,  with  bluffs  often  200  feet  high.  The  stream  can  be 
forded  at  but  few  places  in  this  quadrangle,  and  carries  a  sufficient 
Tolume  of  waterj  even  during  the  low  summer  stages,  to  furnish 
power  for  a  number  of  grist  mills.  Dams  have  been  built  across  it  at 
Cochran  Mills,  South  Bend,  and  Idaho.  It  falls  130  feet  from  Shelocta 
to  Cochran  Mills,  a  distance  of  nearly  18  miles  as  the  stream  flows, 
and  furnishes  sufficient  head  for  water  power  at  frequent  intervals. 
Cherry  Run,  a  tributary  to  Crooked  Creek  at  Cochran  Mills,  drains 
the  northern  portion  of  the  quadrangle.  At  least  one  mill  derives  its 
power  from  this  small  stream.  Plum  Creek,  formed  by  the  junction 
of  its  north  and  south  branches,  joins  Crooked  Creek  above  Idaho  and 
brings  in  a  considerable  amount  of  water.  It  drains  the  northeastern , 
oomer  of  the  quadrangle  and  flows  across  a  broad  alluvial  plain.  Its 
grade  is  very  gentle  and  it  has  not  yet  been  utilized  at  any  point  for 
water  power.  All  of  the  streams  in  this  quadrangle  haVe  much 
steeper  grades  toward  their  sources,  and  in  many  places  are  doing 
lapid  cutting  in  the  neighborhood  of  the  divides. 

So  much  of  the  country  has  been  cleared  of  timber  that,  although 
the  rainfall  is  moderate,  after  heavy  storms  the  streams  rise  suddenly 
and  at  that  time  carry  enormous  volumes  of  water.  The  excessive 
supply,  however,  runs  off  almost  as  quickly  as  it  appears,  and  damage 
is  done  only  to  such  property  and  crops  as  are  located  on  the  flood 
plains. 

The  largest  settlement  in  the  Elders  Ridge  quadrangle  is  Avonmore, 
on  Eiskiminitas  River,  which,  according  to  the  census  of  1900,  has  a 
population  of  630.  The  water  supply  of  this  village  is  derived  from 
wells  sank  into  the  sands  and  gravels  of  the  river  ternice  on  which  it 
is  built.  Wells  dug  but  a  few  feet  into  this  loose  material  obtain  a 
soflScient  supply  of  good  water. 

The  next  largest  place  is  Elderton,  with  a  population  of  300.  It  is 
situated  in  the  northern  part  of  the  quadrangle,  on  a  small  plateau,  at 
an  elevation  of  250  feet  above  Plum  Creek.  The  village  water  supply 
is  obtained  by  private  wells  of  the  suction  and  chain  t3^pe. 

This  quadrangle  is  distinctly  a  rural  district,  devoted  to  agriculture, 
and,  as  is  usual  in  such  cases,  depends  almost  entirely  on  wells  and 
springs  for  its  water  supply.  On  a  few  farms  windmills  are  in  use  for 
elevating  water  to  private  tanks.  Roadside  springs  with  water  troughs 
are  conunon,  and  water  can  be  obtained  at  almost  any  point  by  sinking 
welk  a  very  short  distance  beneath  the  surface.  The  rocks  that  are 
commonly  known  as  good  water  bearers  are  the  Mahoning  sandstone, 
which  lies  immediately  above  the  Upper  Freeport  coal  and  outcrops 
over  the  greater  part  of  this  quadrangle,  and  the  Pittsburg  sandstone, 
which  overlies  the  Pittsburg  coal  and  is  found  in  the  southern  portion 
of  the  quadrangle  west  of  BlackJe^^s  Cicek. 


WATER  RESOURCES  OF  THE  WAYNESBURG 
QUADRANGLE,  PENNSYLVANIA. 


By  Ralph  W.  Stone. 


The  Waynesburg  quadrangle  is  located  in  the  southwestern  comer 
of  the  State  of  Pennsylvania,  in  the  eastern  half  of  Greene  County^, 
its  southern  boundary  being  2  miles  north  of  the  West  Virginia  State 
line  and  its  western  boundary  about  15  miles  east  of  the  western  line  of 
the  State.  Its  dimensions  are  about  13  by  17  miles,  and  it  comprises 
about  229  square  miles. 

The  topography  of  this  quadrangle  is  uniformly  hilly.  The  differ- 
ence in  elevation  between  the  bottoms  of  the  valleys  and  the  crests  of 
the  ridges  does  not  exceed  500  feet.  The  ridges  in  a  general  way  trend 
northwest-southeast,  but  can  not  be  said  to  have  any  conspicuous  fea- 
tures. This  part  of  Greene  C!ounty  is  distinctly  an  agricultural  dis- 
trict, and  is  reached  by  Monongahela  River  and  by  a  narrow-gauge 
railroad  from  Washington  County. 

The  drainage  of  the  quadrangle  is  eastward  to  Monongahela  River. 
The  Monongahela  itself  crosses  the  northeast  corner  of  the  quadrangle 
for  about  2  miles.  Owing  to  slack-water  conditions,  this  stream  is 
navigable  throughout  the  greater  part  of  the  year  and  affords  an  out- 
let for  the  products  of  the  country  about  its  headwaters  at  all  times, 
except  when  it  is  choked  with  ice.  Without  its  dams  and  locks  the 
Monongahela  would  be  little  better  than  a  broad  creek.  The  principal 
tributaries  of  the  river  in  this  quadrangle  are  the  north  and  south 
forks  of  Tenmile  Creek,  and  Muddy,  Whiteley,  and  Dunkard  creeks. 
The  north  fork  of  Tenmile  enters  from  Washington  County  and  joins 
the  south  fork  at  the  village  of  Clarksville,  a  short  distance  from  the 
Monongahela.  The  south  fork  of  Tenmile  pursues  the  longest  course 
of  any  stream  in  the  quadrangle,  having  its  rise  in  the  west-central 
part  of  Greene  County  and  extending  entirely  across  this  territory  in 
a  winding  northeast  direction.  Muddy  and  Whiteley  creeks  have  low 
grades  in  much  of  their  courses.  In  fact,  the  streams  in  this  quad- 
rangle have  no  high  grades,  except  near  their  headwaters.  They  are 
subject  to  flood  and  to  seasons  of  slight  flow,  and  in  summer  are  likely 
to  diminish  to  such  an  extent  that  tlie  water  stands  along  their  courses 
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pools,  with  only  a  very  small  volume  of  running  water.     It  seems 

there  is  not  sufficient  supply  for  water  power  at  any  one  point. 

The  village  of  Waynesburg  Is  the  largest  settlement  in  the  district 

has  a  population  of  about  8,500.     The  next  largest  village  is  Jef- 

n,  which  has  a  ix)pulation  of  310,  and  there  are  a  number  of 

ler  hamlets.     These  villages  are  located  for  the  most  part  on  the 

m  courses,  where  travel  is  easier  than  along  the  uneven  crests  of 

ridges. 

Waynesburg  derives  its  water  from  the  south  fork  of  Tenmile  Creek, 
Mb  the  western  end  of  the  village.     It  is  pumped  to  a  reservoir  on  the 
hlSDl  north  of  the  village  at  an  elevation  of  250  feet  above  the  main 
t.     As  the  creek  carries  considerable  silt  after  every  heavy  rain, 
supply  is  often  muddy,  although  it  passes  through  a  sand  filter 
re  reaching  the  reservoir.     For  days  at  a  time  the  water  drawn 
faucets  is  so  heavily  charged  with  sediment  as  to  be  almost  use- 
There  seems,  however,  to  be  no  other  adequate  supply  immedi- 
ly  available.     The  proposition  to  drill  deep  wells  has  been  consid- 
but  never  tried.     Many  of  the  people  in  Waynesburg — in  fact, 
;t  of  them — use  well  water  for  drinking  purposes.     In  most  places 
well  sunk  from  17  to  30  feet  will  reach  bed  rock  and  furnish  a  suffi- 
it  amount  of  fairly  pure  hard  water.     The  system  of  waterworks 
i  Waynesburg  is  the  only  one  in  the  quadrangle. 
The  village  of  Jefferson  is  located  on  a  terrace  deposit  of  clays  and 
^vels,  and  obtains  its  water  supply  from  wells  sunk  from  20  to  60 
[i^eet  through  this  material  to  bed  rock.     The  supply  is  sufficient,  and 
;^!iat  few  of  the  wells  have  been   known  to  go  dry,  except  during  a 
'IpKotracted  drought.     The  water  is  hard.     In  all  of  the  other  villages 
Mm  the  Waynesburg  quadrangle  the  water  supply  is  obtained  from 
^private  wells,  which  are  from  15  to  50  feet  deep. 

Springs  are  comparatively  abundant  in  tliis  country,  and  the  water 
'^Qomes  from  various  formations.  The  Upper  Washington  limestone  is 
%  frequent  water  producer.  Springs  from  this  stratum  are  numerous 
In  Franklin  and  Washington  townships.  It  is  believed  that  the 
Waynesburg  sandstone,  which  overlies  the  Waynesburg  coal,  and 
often  has  a  thickness  of  40  feet,  is  usually  a  water-bearing  rock. 
Wells  sunk  into  it  yield  an  excellent  quality  of  water,  but  care  has  to 
le  taken  not  to  penetrate  to  the  coal. 

The  Waynesburg  Cold  Storage  Company  drilled  an  8-inch  well  134 
feet  deep  at  its  plant  in  the  village  in  March,  1901.  This  well  struck 
water  in  the  Waynesburg  sandstone  and  yields  a  supply  which  the 
pamp  has  never  been  able  to  exhaust.  Although  the  pump  raises  75 
barrels  an  hour,  day  and  night,  there  is  always  about  90  feet  of  water 
in  the  hole.    The  water  is  soft  and  is  used  for  the  ice  plant. 


WATER  RESOURCES  OF  THE  ACCIBENT  AND 
GRANTSVILLE  QUADRANGLES,  MARYLAND. 


Bv  G.  C.  Martin. 


INTRODUOnON. 

Geography. — The  Accident  and  Grantsville  quadrangles  are  located 
in  the  '' Handle"  at  the  extreme  western  extension  of  Maryland.  A 
^^trip  about  2  miles  wide,  belonging  to  Pennsylvania,  is  included  in  the 
northern  portion  of  each  quadrangle,  while  a  smaller  and  narrower 
titrip  of  territory  belonging  to  West  Virginia  is  included  in  the 
western  portion  of  the  Accident  quadrangle.  Of  the  territory  in 
Maryland  all  but  a  small  area  in  the  southeastern  comer  of  the  Grants- 
ville quadrangle  lies  in  Garrett  County.  E^h  quadrangle  measures 
.approximately  17i  miles  from  north  to  south,  13i  miles  from  east  to 
west,  and  contains  about  235  square  miles.  Friendsville,  Md.,  in  the 
Accident  quadrangle,  and  Elklick,  Pa.,  and  Barton,  Md.,  in  the 
Grantsville,  are  the  largest  villages. 

Relief. — ^The  topography  of  the  Accident  quadrangle  is  mainly  that 
of  a  plateau  which  has  been  deeply  cut  by  streams.  The  surface  of 
l:he  upland  lies  in  general  between  2,600  and  3,000  feet,  the  highest 
jparts  being  in  the  southern  and  eastern  portions.  There  are  no  well- 
detined  ridges  rising  noticeably  above  the  general  level  of  the  uplands. 
The  valleys,  especially  along  the  main  drainage  lines,  are  of  the  nature 
of  canyons,  whose  bottoms  are  frequentl}'  from  500  to  1,000  feet  below 
the  plateau.  In  the  Grantsville  area  there  are  three  ridges  rising 
nearly  or  quite  to  3,000  feet,  crossing  the  quadrangle  with  a  northeast- 
southwest  trend,  between  which  plateaus,  similar  to  that  of  the 
A^ccident  quadrangle,  are  developed  at  an  altitude  of,  between,  2,600  to 
3,S00  feet. 

Drainage,— The  drainage  of  the  Accident  quadrange  is  northward 
by  the  Youghiogheny  to  the  Monongahela.  In  the  Grantsville  area 
the  drainage  is  in  part  north  by  Castleman  River  to  the  Youghiogheny 
in  Pennsylvania,  and  in  part  southward  by  Savage  River  to  the 
Potomac. 
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WATER  RESOURCES. 

OTRBAM   8UPPLIE8. 

Yoxighiogheny  River. — The  Youghiogheny  and  its  tributaries  drain 
almost  the  entire  area  of  the  Accident  quadrangle.  It  is  a  large,  pure 
stream  whose  capacity  is  far  in  excess  of  any  probable  demand.  The 
only  contamination  of  the  main  stream  comes  from  the  villages  of  Sang 
Run,  Krug,  Friendsville,  and  Selbysport,  and  from  a  few  sawmills. 
The  tributaries  are  all  very  pure. 

Castleman  River. — ^This  stream  drains  the  northwest  half  of  the 
Grantsville  quadrangle.  It  is  a  large,  uncontaminated  stream,  but 
there  is  no  demand  for  its  waters  in  the  agricultural  region  through 
which  it  flows  in  this  quadrangle. 

Savage  River. — This  stream  drains  the  central  part  of  the  Grants- 
ville quadrangle.  It  is  a  large,  pure  stream  and  furnishes  the  water 
supply  for  the  towns  of  Piedmont,  W.  Va.,  and  Western  port,  Md. 

Georges  0<^.— This  stream  drains  the  southeast  corner  of  the 
Grantsville  quadrangle.  The  main  stream  and  the  lower  courses  of 
its  tributaries  are  so  polluted  by  sewage  and  mine  water  as  to  be  totally 
onfit  for  any  purpose.  The  headwaters  of  the  tributaries  are  pure 
and  would  furnish  good  supplies  of  pure  water  for  the  many  mining 
villages  in  the  Georges  Creek  valley  which  are  annually  ravaged  by 
typhoid  fever. 

SPRING   WATER. 

There  are  a  great  many  large,  pure  springs  along  the  belts  of  out- 
crop of  the  Greenbrier  limestone.  These  belts  extend  (1)  along  the 
western  foot  of  Big  Savage  Mountain;  (2)  along  the  enstern  front  of 
Meadow  Mountain;  (3)  along  the  western  front  of  Negro  Mountain; 
(4)  along  the  eastern  front  of  Winding  Ridge;  (5)  through  the  valleys 
of  Deep  Creek  and  Marsh  Run  from  Thayerville  to  McHenry,  thence 
westward  to  Sang  Run  and  along  Youghiogheny  River  for  a  distance 
of  2  miles  north  and  south  of  Sang  Run;  and  (6)  along  the  northern 
and  eastern  edge  of  the  Cranesville  valley. 

These  springs  are  similar  both  in  geologic  relations  and  in  the  prop- 
erties of  their  water  to  the  group  of  springs  from  which  the  celebrated 
Deer  Park  spring  water  is  o})tained.  The  Deer  Park  springs  are 
about  6  miles  south  of  the  southern  limits  of  this  folio,  and  are  situ- 
ated along  the  direct  continuation  of  the  line  of  springs  at  the  western 
foot  of  Big  Savage  Mountain. 


r*:^ 


Ih 


ARTESIAN   WATER. 


The  possibility  of  obtaining  artesian  water  has  never  been  properly 
tested  in  this  region.  It  is,  however,  probable  that  the  synclines  that 
underlie  the  valleys  of  Georges  Creek,  Castleman  River,  and  Youghio- 
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gheny  River  are  artesian  basins,  and  would  yield  plenty  of  gc 
artesian  water  from  various  horizons. 

Several  bore  holes  made  in  the  coal-bearing  portions  of  the  8] 
clines  have  yielded  flows  of  water.  This  water  came  from  1 
Coal  Measures,  and  was  therefore  strongly  impregnated  with  sulpt 
and  iron.  It  is  probable  that  deeper  holes  would  yield  better  wa 
from  the  purer  porous  sandstones  which  underlie  the  Coal  Measur 
There  is,  however,  no  present  demand  in  the  region  for  artesian  wel 
for  the  numerous  pure  streams  and  springs  yield  a  supplv  of  wal 
tiiat  is  sufficient  for  all  needs. 


WATER  RESOURCES  OF  THE  FROSTBURG  AND 
FLINTSTONE  QUADRANGLES,  MARYLAND 
AND  WEST  VIRGINIA. 


By  Ct.  C.  Martin. 


INTKODUCnON. 


Gtf^raphy. — Thesse  quadrangles  are  mostly  in  western  Maryland, 
lying  just  east  of  the  Grantsville  quadrangle.  Like  the  latter  they 
cover  a  narrow  strip  of  Pennsylvania  along  their  northern  borders, 
and  include  on  the  south  a  considerable  area  lying  south  of  Potomac 
Uiver  and  belonging  to  West  Virginia.  The  portion  in  Maryland, 
«'xcept  a  small  area  in  the  northeastern  part  in  Garrett  County,  falls  in 
Allegany  County.  The  West  Virginia  area  ij?  divided  l^etween  Mineral 
County  on  the  west  and  Hampshire  Coimty  on  the  east.  Cumberland 
and  Frostburg,  Md. ,  are  in  the  Frostburg  quadrangle,  but  there  are 
uo  large  towns  in  the  West  Virginia  portion  of  the  area  or  in  that  part 
of  Maryland  that  is  included  in  the  Flintstone  quadrangle. 

ReHt'f, — The  southwestern  half  of  the  Frostburg  and  nearly  all  of 
the  Flintstone  quadrangle  is  crossed  at  intervals  of  a  few  miles  by 
ridges  varying  in  altitude  from  3,000  feet  on  the  west  to  1,500  feet  or 
les«  on  the  east.  Between  these  ridges,  plateaus  having  altitudes 
varying  from  about  2,700  feet  on  the  west  to  900  feet  on  the  east  are 
developed.  The  plateaus,  however,  exhibit  very  little  of  their  original 
level  surface,  l>eing  cut  by  numerous  streams  to  depths  of  many  hun- 
dred feet.  The  ridges  are  due  to  upturned  hard  rocks  of  Silurian, 
Ifevonian,  and  Carboniferous  age,  while  the  plateaus  are  composed 
nwinly  of  Devonian  shales  and  softer  coal-bearing  rocks  of  the 
Carboniferous. 

Drainage. — The  quadrangles  are  drained  by  the  Potomac  River, 
which  enters  the  Frostburg  area  at  its  southern  boundary,  flows  north- 
eastward to  Cumberland,  and  thence  southeastward  across  the  Flint 
stone  area.  The  minor  streams  follow  in  general  the  trend  of  tho 
ridges,  those  of  the  north  flowing  southwestward  to  the  Potomac  and 
tbose  on  the  south  northeastward  to  the  same  river. 
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WATER  RESOURCES. 
emUBAM  SUPFUEB. 

North  Branoh  of  Potoniao  River. — The  North  Branch  of  the  Poto- 
imu'  flows  through  tlio  southern  part  of  this  area  for  a  distance  of  38 
miles.  It  furnishes  the  public  water  supply  for  the  city  of  Cumber- 
land. The  quantity  of  water  is  far  in  excess  of  the  amount  needed. 
])ut  the  quality  is  extremely  bad.  The  water  is,  in  fact,  so  polluted 
that  it  is  entirely  unsuitable  for  domestic  or  industrial  use.  The  pol- 
luting matter  consists  of  the  refuse  from  a  number  of  sawmills  and 
tanneries,  the  drainage  from  a  large  number  of  coal  mines,  the  chem- 
icals from  paper  mills,  dye  works,  woolen  mills,  and  gas  plants,  and 
the  sewage  of  Piedmont,  Westernport,  Keyser,  Cumberland,  and  other 
towns.     There  is  great  need  of  some  purer  supply. 

South  Branch  of  Potomac  Eher. — The  South  Branch  of  the  Poto- 
mac is  a  large  stream,  which  flows  through  this  area  for  a  distance  of 
about  6  miles.  It  contains  at  all  seasons  a  large  amount  of  pure  water. 
It  is  not  used  at  present,  and  there  is  not  likely  to  be  any  future 
demand  for  it.  It  is,  however,  v^ery  important,  as  it  serves  to  dilute 
the  impurity  of  the  main  stream  of  the  Potomac,  and  thus  improves 
the  quality  of  the  water  supply  of  the  city  of  Washington. 

Gcofyrti  Crerl.,  liradihnk  Rnn^  and  Jennings  Run. — These  streanw 
flow  through  (bo  thickly  ix)pulated  mining  regions  in  the  western  part 
of  this  jiroa,  and  are  so  badly  polluted  by  sewage  and  mine  water  as  to 
bo  entirely  worthless. 

Smaller  M trams, — The  headwater  streams  of  the  entire  region,  .situ- 
ated as  they  arc  largely  in  forested  areas,  are  unpolluted  and  would 
furnish  pure  water  supplies  for  the  smaller  towns.  Evitts  Creek,  Pat- 
terson Creek,  and  Town  Creek  are  the  largCvSt  of  the  unpolluted  streams? 
and  all  contain  pure  water  for  the  entire  length.  Their  water  is  not 
used  at  present. 

SPRING    WATER. 

The  largest  springs  in  this  region  are  on  the  belts  of  outcrop  of  the 
limestone  formations.     The  lines  of  upper  contacts  of  the  Greenbrier 
limestone  and  the  Helderberg  limestone  are  marked  by  a  great  many 
springs  of  large,  constiint  flow  and  great  purity.     One  of  these  sprinp^« 
at  the  contact  of  the  Mauch  Chunk  shales  and  the  Greenbrier  lime- 
stone, at  the  western  foot  of  Big  Savage  Mountain,  furnishes  a  larjjo 
part  of  the  water  supply  of  the  town  of  Frostburg.     This  supply  could 
be  greatly  increased  by  the  development  of  other  springs  in  neighbor- 
ing localities.     The  town  of  Lonaconing,  which  is  at  present  very 
|X)orly  supplied  with  contaminated  water,  could  get  a  similar  supply 
on  the  western  slope  of  Big  Savage  Mountain.     The  celebrated  Deer 
Park  spring  water  comes  from  a  series  of  large  springs  not  many  mile^ 
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ithwest  of  this  region  in  this  same  belt  of  outcrop  of  the  Greenbrier 
le^tone.  A  series  of  similar  springs  might  be  developed  along  the 
tern  part  of  the  Dans-Piney-Little  Allegheny  Mountain  range  which 
uld  furnish  a  partial  or  even  a  complete  supply  of  pure  water  for 
city  of  Cumberland. 

The  line  of  contact  between  the  Oriskany  sandstone  and  Helderberg 
estone  and  a  large  part  of  the  areas  of  those  formations  contain  a 
At  many  large  springs  which  are  important  for  local  rural  use. 

ABTEBIAN   WATER. 

^art  of  the  water  supply  for  the  town  of  Frostburg  is  obtained 
m  an  artesian  well  H  miles  west  of  that  town,  on  the  eastern  slope 
Big  Savage  Mountain.  Water  is  said  to  have  been  found  in  sand- 
nes  of  Carboniferous  age  at  depths  of  81,  182,  527,  and  1,200  feet. 
B  amount  of  water  procured  from  the  various  horizons  is  not 
>wn;  nor  is  it  certain  whether  the  water  is  derived  from  contami- 
ed  horizons  near  the  surface  or  from  deeper  pure  sources.  If  this 
Q  reached  the  Mauch  Chunk-Greenbrier  horizon  and  the  shallower 
ter  were  cased  off  an  ample  pure  supply  would  result.  There  is  an 
»  of  about  IK)  square  miles  in  the  northwest  central  part  of  the  Frost- 
rg  quadrangle  where,  in  the  Georges  Creek  syncline,  this  Mauch 
unk-Greenbrier  water  horizon  could  be  struck  at  depths  of  from 
KK)  to  2,400  feet.  The  water  will  not  rise  anywhere  in  these  wells 
ove  an  elevation  of  2,700  feet  above  sea  level,  and  is  probably  drained 
tof  the  syncline  in  the  vicinity  of  Braddock  Run  and  Jennings  Run 
the  levelof  1,000  feet. 

It  is  highly  probable  that  the  Oriskany  and  Tuscarora  sandstones 
Qtain  artesian  water  in  their  synclinal  areas.  There  arc  areas  to  the 
•rth,  northeast,  and  south  of  Cumberland  where  artesian  wells,  if 
operly  located  with  regard  to  the  local  details  of  structure,  would  be 
most  certain  to  strike  pure  flowing  water  in  the  Oriskany  and  Tus- 
rora  sandstones.  Similar  conditions  exist  over  a  large  proportion  of 
e  Flintstone  quadrangle,  but  except  in  the  vicinity  of  Cumberland 
lere  is  no  demand  for  artesian  water. 


WATER  KESOURCES  OF  COWEE  Am)  PISGAH 
QUADRANGLES,  NORTH  CAROLINA. 


By  HoYT  S.  Gale. 


The  Cowee  and  Pisgah  quadrangles  are  in  western  North  Carolina, 
their  southernmost  limits  overlapping  into  South  Carolina.  They 
include  parte  of  Macon,  Jackson,  Swain,  Haywood,  Transylvania, 
Buncombe,  and  Henderson  counties  in  North  Carolina.  Their  total 
area  is  about  1,950  square  miles. 

(xeogniphically  these  quadrangles  are  situated  in  the  heart  of  the 
southern  Appalachian  Mountains,  covering  an  area  of  comparatively 
high  and  roughly  dissected  country.  The  headwater  valleys  of  French 
Broad  River,  in  the  Pisgah  quadmngle,  and  of  Little  Tennessee  River, 
in  the  Cowee  (juadrangle,  include  the  greater  part  of  the  open  country 
they  contain.  The  smoothly  graded  debris  slopes  of  these  and  some 
other  valley  bottoms  are  in  strong  contrast  with  the  sharp  dissection 
of  the  territory  in  general.  However,  the  area  contains  numerous 
remnants  of  old  plateaus,  recording  several  distinct  periods  of  ancient 
peneplanation,  and  many  examples  of  the  original  mature  topography, 
as  yet  untouched  ])y  readjusting  drainage,  are  found  high  up  about  the 
uppermost  headwaters.  Still  above  these  plateau  levels  rise  many 
residual  peaks. 

Dra/N(f(/e. — The  larger  part  of  the  drainage  belongs  to  the  Missis- 
sippi River  system.     The  Blue  Ridge,  the  main  divide  between  the 
Mississippi  and  the  Atlantic  waters,  passes  through  the  southern  halves 
of  the  two  quadrangles.     Most  of  the  streams  south  of  this  divide 
have  worked  their  grades  back  to  steep  slopes,  often  escarpments,  at 
their  very  heads.     The  Mississippi  drainage  north  of  the  divide  has, 
however,  been  less  active  in  its  channel  cutting,  being  held  up  by 
greater  difficulties  in  its  paths  and  the  longer  route  traversed  to  reach 
the  sea  level.     Most  of  the  remnants  of  old  land  topographies  spoken 
of  above  are  thus  found  on  the  Mississippi  side  of  the  Blue  Ridge. 
Subsequent  incision  of  these  stream  channels  has  not  yet  receded 
upstream  far  enough  to  affect  grades  at  the  headwaters. 

The  Cullasaja  River  is  a  good  example  of  the  streams  on  the  Mis- 
sissippi side  of  the  Blue  Ridge.     Heading  on  the  slopes  of  the  residual 
peaks  in  the  vicinity  of  Highlands,  and  also  on  the  Highlands  plateau, 
of  about  3,800  feet  elevation,  it  collects  its  waters  from  a  drainage 
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basin  of  Htnooth.^  well-rounded  slopes.  About  a  mile  below  Highlands 
it  c%>ines*  to  the  edge  of  this  plateau  and  begins  to  drop  off  in  cascades 
and  falls,  and  its  valley  becomes  steep  sided  and  deep.  The  immediate 
locations  of  the  falls  are  determined  by  the  harder  ledges  of  rock. 
In  most  eases  here,  as  elsewhere  in  this  region,  these  hnlges  are  granite. 
In  the  next  6  miles  the  river  drops  1,200  feet,  an  avenige  grade  of  2(M) 
feet  in  a  mile.  For  the  remainder  of  its  course  to  Franklin  its  grade 
again  flattens  out.  Along  this  stretch  is  the  plateau  of  Little  Tennes- 
see River.  From  Rabun  Gap,  the  main  head  of  the  Little  Tennessee, 
to  Franklin  this  river  falls  alK)ut  100  feet  in  25  miles,  or  4  feet  to  the 
mile.  Below  Franklin  the  Little  Tennessee  comes  to  the  edge  of  this 
lower  plateau  and  falls  off  more  rapidl}'  again. 

French  Broad  River  is  in  chanicter  very  similar  to  the  Little  Ten- 
nessee. Along  both  rivers  the  lower  plateaus  are  at  an  elevation  of 
about  2,100  feet  above  sea  level,  and  into  them  both  streams  have 
slightly  incised  their  channels.  The  French  Broad  runs  a  course  of 
about  45  miles  from  its  main  forks  near  Eastatoe  Ford  to  the  point 
where  it  leaves  the  Pisgah  quadrangle.  In  this  distance  it  falls  from 
2,180  feet  to  2,000  feet  al>ove  sea  level — 180  feet  in  45  miles,  or  4  feet 
in  a  mile.  Streams  so  well  graded  are  very  exceptional  in  this  region. 
The  west  fork  of  Tuckaseegee  River  gathers  into  a  stream  of  con- 
siderable size  the  waters  of  an  upper  plateau  level  of  about  3,600  feet. 
Just  below  Glenville,  in  Jackson  County,  it  comes  to  the  plateau  edge 
and  drops  900  feet  in  6  miles,  or  150  feet  to  the  mile.  The  East  Fork 
similarly  drops  over  100  feet  a  mile  for  more  than  10  miles. 

The  heaviest  grades  are  south  of  th<»  Blue  Kidge.     The  descent  is 

here  concentrated  into  one  steep  slope  from  the  Blue  Ridge  plateau 

down  to  the  Piedmont  Plateau.     The  intermediate  levels  that  occur  on 

the  Mississippi  streams  do  not  occur  here,  so  that  the  Blue  Ridge  is 

characteristically  an  escarpment  overlooking  the  Piedmont  Plateau. 

Cwsars  Head  is  a  feature  of   this  escarpment.     Ten   miles  west  of 

Caesars  Head  the  Blue  Ridge  and  the  escarpment  diverge,  and  an 

upper  plateau  intervenes  between  the  main  divide  and  the  fall  line  of 

the  streams.     This  plateau  extends  about  20  miles  westward,  as  far  as 

Whiteside  Mountain.     Streams  heading  within  tliis  belt,  therefore, 

have  flat  headwater  grades  similar  to  those  of  Cullasaja  River  in  the 

Mississippi   drainage.     However,   the    drop  from   the    Blue    Ridge 

plateau  to  the  Piedmont  Plateau  is  far  greater  than  any  that  occurs 

on  the  Mississippi  side  of  the  divide.     For  example,  the  Toxaway 

River  is  3,000  feet  at  Lake  Toxaway,  and  in  5  miles  it  falls  to  1,300 

feet,  or  at  the  rate  of  340  feet  in  a  mile.     It  would  seem  that  these 

'"treanLs  offer  much  available  power,  but  the  falls  are  almost  always 

difficult  of  access  and  most  of  them  are  distant  from  present  lines  of 

transportation. 

Springs. — This  is  on  the  w^iole  a  regiiMi  sparsely  settled  and  V\UVv>. 
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developed  eonimercialU^  or  industrially,  and  little  or  nothing  is  known 
concerning  the  underground  waters  except  as  they  issue  in  spring, 
or  perhaps  through  the  few  existing  wells.  The  country  is  abund- 
antly supplied  with  springs,  except  along  the  gravel  and  bowlder 
deposits,  which  fonn  the  valley  bottoms  of  the  larger  streams.  The 
wattn-  is  for  the  most  part  very  pure.  The  rocks  are  typically  siliceous 
or  micaceous,  contiiining  little  readily  soluble  material  either  in  them- 
selves or  in  their  soils.  The  soils  are  loose  and  coarse,  usually  sandy 
rather  than  clayey,  and  do  not  afford  much  material  that  will  stay  in 
suspension  in  the  water.  However,  mineralized  waters  do  occur  in 
numerous  instances.  These  can  be  separated  into  at  least  two  classes. 
Besides  the  granites  and  micaceous  gneisses,  a  more  basic  rock,  con- 
taining much  hornblende  and  other  iron  minerals,  traverses  the  region 
in  long,  narrow  bands.  Springs  issuing  along  these  bands  are  fre- 
quently heavily  charged  with  iron.  Their  occurrence  is  rendered 
noticeable  by  the  deposit.s  of  iron  hydrates  that  accumulate  about 
them.  A  spring  that  forms  an  excellent  example  of  this  class  issue 
directly  from  a  narrow  outcrop  of  hornblende-gneiss  just  below  the 
dam  at  Fairlield  Lake,  in  Jackson  County. 

Another  type  of  mineralization  of  spring  waters  has  been  noted 
where  formation  contacts,  and  especially  zones  of  faulting,  show  a 
development  of  pyrite,  with  perhaps  other  minerals.  Weathering  of 
these  to  a  soluble  form  stains  the  rocks  with  copperas  and  impregnates 
the  water  that  flows  through  them.  Sulphur  and  iron  waters  observed 
at  a  luunber  of  localities  undoubtedly  obtain  their  mineral  content  in 
this  way.  Tlie  most  accessi))le  and  best  known  sulphur  and  iron  water 
occurs  at  Waynesville,  at  tlie  "'Haywood  White  Sulphur  Springs,^ 
but  thr  writer  is  not  prepared  to  say  how  it  originates. 

In  considering  the  underground  waters  it  is  necessary  to  distiiiguish 
at  least  three  definite  types  of  topogmphy  and  surface  drainage  which 
are  conspicuous  in  this  region.  The  thinly  covered  ledges  of  the 
residual  peaks  that  stand  above  the  old  plat<»a.u  levels  shed  water  rap- 
idly from  their  steep  slopes.  Flow  within  these  massive  rocks  must 
be  slight,  except  through  cracks  and  fissures.  On  the  plateau  levels, 
however,  prolonged  weathering  has  produced  a  heavy  cover  of  soil 
which  nuist  ))e  comparatively  porous.  This  is  well  supplied  with 
water  from  the  residuals,  and  on  the  other  hand  well  supplied  with 
outlet  drains  at  the  plateau  edges,  and  a  strong  and  constant  under- 
ground flow  nuist  result  within  this  cover.  In  the  stream  bottoms,  at 
lower  levels,  are  gnided  plains  of  wash  d6bris,  from  which  the  water 
does  not  often  come  to  the  surface  to  form  springs.  Here  the  water 
supply,  if  not  taken  from  the  stream  itself,  must  be  drawn  from  wells 
or  piped  frou)  neighboring  hillsides.  As  the  larger  towns  are  usually 
situated  in  the  open  valley  lands  they  are  least  easily  supplied  with 
pure  water.     All  of  the  countv  seats  within  the  area  are  so  situated. 


WATER  RESOURCES  OF  THE  MIDDLESBORO- 
HARLAN  REGION  OF  SOUTHEASTERN  KEN- 
TUCKY. 


Bv  Ge<)r<je  H.  Ashley. 


This  area,  which  takes  its  name  from  the  towns  of  Middlesboro  and 
Harlan,  is  a  belt  of  country  occup34ng  the  reipon  between  Pine 
Moantain  on  the  north  and  Cumberland  Mountain  on  the  south,  and 
is  located  in  Bell  and  Harlan  counties,  in  southeastern  Kentucky.  It 
extends  from  the  headwaters  of  Yellow  Creek,  near  the  Kentucky - 
Tennessee  line,  in  a  course  about  N.  60^  E.  to  Big  Black  Mountain,  a 
distance  of  about  60  miles.  At  its  western  end  the  belt  is  about  10 
miles  wide,  at  the  eastern  end  about  15  miles  wide,  and  its  area  al>out 
750  square  miles. 

The  topogi-aphy  is  that  of  a  basin  bounded  on  the  north  and  south 
by  two  high  mountain  ridges  and  limited  on  the  east  and  west  by  the 
divides  at  the  heads  of  the  streams  draining  toward  the  middle  of  the 
basin  and  passing  out  by  way  of  the  Cumberland  River  through  Pine 
Mountain  at  Pineville  Grap.  The  region  between  the  ridges  has  now 
been  cut  down  by  the  rivers  until  only  sharp  ridges  remain.  These 
oonunonly  vary  from  2,500  to  3,400  feet  in  altitude.  The  streams  are 
generally  from  500  to  2,000  feet  below  the  crest,  the  Cumberland 
Eiver  having  an  altitude  of  980  feet  where  it  leaves  the  basin.  The 
slopes  of  the  hillsides  are  nearly  all  steep,  the  only  flat  lands  being 
narrow  belts  along  the  streams.  The  hills  throughout  the  basin  are 
generally  forested. 

Geologicalh'  the  area  is  a  synclinal  basin,  the  axis  of  which  lies  to 
the  north  of  the  center,  or  nearer  to  Pine  Mountain.  In  the  center 
of  the  basin  the  dips  are  slight,  but  run  up  to  nearly  or  quite  vertical 
on  the  flanks  of  the  bounding  ridges.  The  rocks  consist  of  alternating 
beds  of  sandstone,  shale,  and  coal,  the  sandstones  predominating. 

Many  cabins  are  scattered  over  the  slopes  and  crests  and  in  the 
nivines  throughout  the  hilly  region.  In  fact,  the  majority  of  the 
inhabitants  are  located  among  the  hills,  though  the  prosperous  habi- 
tations are  nearly  all  in  the  towns  or  along  the  river  bottoms. 

Along  the  bottoms  water  is  obtained  either  from  shallow  wells  in  the 
river  gravels  or  from  near-by  springs.     In  the  hilly  region  springs  ar6 
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especially  abundant  and  constitute  the  chief  source  of  supply,  even  up 
to  the  very  crests,  although  a  few  shallow  wells  have  been  dug  on  the 
hilltops.  In  times  of  prolonged  drought  the  springs  occasionally  fail, 
and  recourse  is  had  to  streams,  which,  however,  are  sometimes  so  low 
that  water  appears  only  in  isolated  pools.  The  waters  of  the  springs 
and  wells  are  noncalcareous  and  are  of  good  quality. 

The  town  of  Middlesboro  obtains  water  from  Little  Yellow  Creek, 
a  stream  that  flows  along  the  foot  of  Cumberland  Mountain  and  is  fed 
from  large  springs  from  sandstone.  The  water  is  pumped  from  an 
artificial  lake  made  by  a  concrete  dam  across  the  creek  to  a  reservoir 
on  a  near-b}'  hilltop.  The  pumping  station  is  a  mile  from  the  center 
of  the  town.  A  large  spring,  which  formerly  came  out  a  little  below 
the  summit  of  Cumberland  Gap,  was  diverted  by  the  building  of  the 
railroad  tunnel  and  is  now  piped  to  town  for  the  use  of  the  local  tan- 
nery. A  number  of  deep  wells  have  been  bored  at  Middlesboro  for 
oil,  but,  though  obtaining  no  oil,  at  least  one  of  them — that  at  the 
mouth  of  Bennett's  Fork — gives  an  abundant  flow  of  water  from  the 
Lee  conglomerate.  One  well  is  750  feet  deep.  Similar  artesian  water 
might  be  found  elsewhere,  but  no  other  wells  have  yet  been  drilled. 

Pineville  is  supplied  from  a  small  tributary  of  Hagan  Mill  Branch 
of  Cumberland  River.  It  is  a  small  stream  fed  by  springs  on  the 
south  side  of  Pine  Mountain,  1^  miles  east  of  the  gap.  The  pumping 
station  is  located  on  the  Cumberland  River. 

Water  power  on  a  very  small  scale  is  obtained  at  a  number  of  places 
on  Cuml>erland  River  and  on  its  forks  and  branches.  At  onl}^  two 
points  is  there  promise  of  considerable  power,  one  of  which  is  on 
Shillaly  Creek.  This  stream  rises  on  a  broad  plateau  between  Cum- 
berland and  Brushy  Mountain,  and  attains  a  considerable  volume  before 
it  descends  into  the  deeper  valle}-.  Martins  Fork  of  Cumberland 
River  heads  near  Shillaly  Creek  and  descends  in  a  similar  but  more 
gradual  manner,  and  with  somewhat  larger  volume. 


NUMMARY  OF  THE  WATER  SUPPLY  OF  THE 
OZARK  REGION  IN  NORTHERN  ARKANSAS. 


Bv  George  I.  Adams. 


During  the  progress  of  geological  work  in  the  Ozark  region  of 
lorthern  Arkansas  considerable  data  has  been  collected  in  regard  to 
he  water  resources.  This  paper  is  intended  as  an  outline  of  the  con- 
litions  of  occurrence  of  the  springs,  which  are  numerous  and  impor- 
tant. They  are  in  many  cases  the  heads  of  streams,  with  which  the 
area  is  well  supplied. 


Fig.  32.— Sketch  map  of  Ozark  region  in  northern  Arkansas. 

The  accompanying  sketc^h  map  of  a  portion  of  the  State  shows  the 
location  and  extent  of  the  Ozark  region.  Observations  have  been 
largely  confined  to  the  western  part  of  the  area,  but  some  of  the 
brings  in  the  eastern  part  have  been  noted,  so  that  the  geologic  rela- 
tions of  the  ground  waters  as  outlined  is  thought  to  be  consistent  for 
the  whole. 

THE   OZARK    REGION    AND   ITS   DIVISIONS. 

The  Ozark  region  in  Arkansas  includes  two  distinct  types  of  country, 
the  characters  of  which  are  determined  by  the  structure  and  extent  of 
4e  rock  formations.  The  southern  of  these  is  the  Boston  Mountains,  a 
^liasected  highland  which  extends  from  the  vicinity  of  Batesville  west- 
ward to  the  Indian  Territory  line.  To  the  south  it  blends  with  the 
Arkansas  Valley  region.     Its  northern  border  is  outlined  by  the  Boston 
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oscarpiiieiit,  which  is  very  irregular,  being  cut  by  numerous  stream 
valleys,  l>etween  which  are  irregular  peninsula-like  promontories, 

North  of  the  Itoston  Mountains  and  at  a  lower  level  is  the  more  even 
country  that  forms  a  part  of  the  Ozark  Plateau,  which  extends  north- 
ward into  Missouri.  The  surface  features  are  closely  related  to  the 
nearly  horizontal  rock  formations.  The  rocks  which  outcrop  in  this 
area  belong  principally  to  two  classes.  They  may  be  spoken  of  as  the 
Mississippian  limestone  and  the  Ordovician  dolomites.  The  Mississip- 
pian  limestones  are  higher  geologically  and  the  area  in  which  they 
outcrop  is  known  as  the  Springfield  upland.  The  area  of  the  Ordovi- 
cian dolomites  is  nearly  coextensive  with  the  Salem  upland.  These 
two  divisions  of  the  plateau  are  separated  by  a  more  or  less  distinct 
escarpment,  known  as  the  Burlington  escarpment,  which  has  a  height 
of  approximately  3(K)  feet. 

When  viewed  in  a  broad  way  the  higher  portions  of  the  Springfield 
and  Salem  uplands  are  seen  to  fall  in  a  slightly  warped  plain,  which  is 
dissected  by  the  streams.  The  drainage  of  the  western  portion  of  the 
Ozark  region  in  Arkansas  is  tributary  to  Illinois  and  Elk  rivers,  which 
find  their  way  around  the  western  end  of  the  Boston  Mountains  into 
Grand  River  and  eventually  into  the  Arkansas.  The  remaining  streams 
that  head  in  the  region  are  tributary  to  Whit«  Rivier,  which  flows  in 
an  irregular  course  northward  and  then  southeastward  around  the 
eastern  end  of  the  Boston  Mountains.  In  the  eastern  portion  of  the 
Salem  uphmd  there  are  a  number  of  streams  which  enter  the  Stftte 
from  Missouri.  Some  of  these  are  tributary  to  White  River  within 
the  Ozark  region,  while  others  enter  Black  River,  which  flows  along 
the  eastern  border.  The  larger  creeks,  and  especially  the  rivers,  are 
perennial.  The  minor  ernes  flow  during  most  of  the  year,  but  during 
the  drier  seasons  the  water  in  them  stands  in  pools  or  has  a  decreased 
flow,  which  is  contributed  by  springs.  The  fact  that  the  country  is 
well  watered  is  largely  due  to  the  nature  of  certain  rock  formations 
which  hold  a  large  content  of  water. 

SPRINGS  OF  THE   OZARK   REGION. 

The  horizons  of  the  springs  are  in  large  meiisure  determined  b} 
certain  formations  which  aflford  easy  channels  for  the  undergrouu< 
water,  and  by  others  which  are  impervious  and  guide  the  flow  alonj 
the  dip  of  the  rocks  to  their  outcrops.  The  following  classification  o 
the  springs  of  the  region  Ls  tentative  only;  further  observations  an 
more  detailed  study  will  prol)ably  enable  a  classification  to  be  propose 
which  will  more  fully  cover  the  conditions  existing. 

8PRINGS   RELATED  TO   THE   LIMEPTONK8   IN   THE   B08T0N   ESCARPMENT. 

The  rocks  that  outcrop  in  the  Boston  Mountains  are  principall 
sandstones  and  shales.  There  are,  however,  two  limestone  formatioi 
which,  although  usually  but  from  5  feet  to  50  feet  thiok,  are  persisten 
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The  lower  is  known  as  the  Pitkin  limestone  and  the  upper  as  the 
3rcDtwood.  The  effect  of  these  formations  on  the  topography,  as  the 
lesult  of  their  manner  of  weathering,  is  to  [)rodiu*e  benches.  Their 
utcrops,  although  often  concealed,  are  frequent! 3'  seen  as  conspicuous 
Mlges.  The  ground  water  finds  an  easy  path  along  the  bedding  planes 
nd  joints  of  these  rocks,  and  because  of  slight  undulations  of  the 
)rmation  it  converges  at  certain  points  and  issues  as  springs.  The 
L-ourrence  of  these  springs  at  the  headwaters  of  Illinois  River  in  the 
icinity  of  Prairie  Grove,  and  at  many  other  localities,  influenced  the 
irly  settlers  in  their  selection  of  sites  for  homes.  A  spring  of  this 
7pe  is  seldom  found  which  is  not  the  site  of  a  settlement,  and  in  some 
ises  they  have  determined  the  location  of  towns. 

SPRINGS   RELATED   TO  THE   BOONE   LIMESTONE   AND   CHERT. 

The  principal  formation  in  the  Springfield  upland  is  the  Boone  lime- 
tone  and  chert.  Circulating  water  finds  easy  channels  along  its  l)ed- 
ing  planes  and  joints,  and,  as  is  often  the  case  in  such  rocks,  numerous 
dlution  channels,  and  occasionally  caves  and  sinks,  have  been  formed 
1  it  A  large  amount  of  the  underground  water  in  the  Boone  cheit 
}  contributed  to  the  streams  without  appejiring  as  springs.  In  some 
>laces,  however,  it  issues  at  the  heads  of  valleys  or  at  levels  alx)V'e 
treams,  and  fonns  important  springs.  A  few  of  the  springs  are  so 
irge  that  their  waters  have  been  damnied  or  condu<*ted  b\'  means  of 
lames  to  furnish  power  for  small  mills.  At  many  towns  they  are  the 
ource  of  water  supply,  and  in  some  instances  the  locality  is  utilized 
s  a  summer  resort,  as  at  Monte  Ne,  for  examph*. 

ttPRIN<iH   RELATED   T<>  THE  HHALK    BED    AT   THE    HASH   OK   THE    m>ONK    LIMESTONE. 

In  the  western  part  of  the  Ozark  Plateau  a  bed  of  shale  ranging 
Tom  a  few  feet  up  to  50  feet  in  thickness  lies  underneath  the  Boone 
ormation.  The  influence  of  this  impervious  bed  upon  the  circulation 
)f  the  ground  water  is  to  carry  it  along  its  upper  surface  with  the 
lip  to  the  outcrop.  Many  springs  issue  at  the  l)ase  of  the  Boone 
imestone,  just  above  the  shale.  The  best  known  is  Eureka  Spring, 
«rhich  has  become  famed  as  a  health  resort.  While  many  of  the 
springs  occurring  at  this  horizon  do  not  carry  a  large  volume  of  water, 
they  are  of  considerable  importance  as  a  source  of  domestic  supply  to 
individual  households  or  neighborhoods. 

RPRINOH   RELATED  TO  THE  SANDSTONE   AT  THE  TOP   OF  THE   YELLVILLE   DOIX)MITE. 

Descending  in  the  geologic  section  the  next  important  formation 
M  a  source  of  springs  is  this  sandstone.  It  is  a  loosely  cemented 
sandstone,  and  the  waters  which  issue  from  it  are  "softer'"  than  those 
previously  mentioned — that  is,  the}'  carry  but  little  lime.  The  wat^r 
issuing  from  the  sandstone  does  not  usually  afford  a  large  supplyi 
mt  because  of  its  softness  it  is  particularly  desirable. 
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SPRINGS  RELATED  TO  THE  YELLVILLB   DOLOMITE. 

The  Yellville  dolomite  outcrops  over  nearly  the  entire  area  of  the 
Salem  upland.  Its  r61e  as  a  water  reservoir  is  similar  to  that  of 
the  Boone  formation.  However,  there  are  local  beds  of  snale  and 
argillaceous  layers  in  the  Yellville  formation,  and  m  some  mstances 
they  guide  the  ground  water  to  a  point  of  outcrop.  The  sprmgs  from 
the  dolomite  are  numerous,  but  much  of  the  water  issues  directly  into 
the  streams  without  appearing  as  springs.  The  formation  as  seen  in 
its  natui-al  exposures  exhibits,  especially  along  the  bluffs,  so'ution 
channels  showing  the  point  of  issuance  of  ground  water  before  the 
streams  had  cut  their  valleys  down  to  their  present  positions  Withk 
the  area  of  the  Yellville  formation  there  are  many  sink  holes  and  cav 
eriis.  The  ground  water  undoubtedly  moves  in  important  channels. 
At  Mammoth  Springs,  a  station  on  the  Memphis  ftailway    on  the 

BOSTON      MTS. 


LIMESTONES  OF  THE 
BOSTON  ESCARPMENT 


OZARK  ^PLATEAU 


BOONE  LIMESTONE 


Vui.  'Xi.  Diiigrnminatic  section  showing  principal  horizons  of  Bprings  in  northern  Arkanflns. 

northern  l)order  of  the  State,  the  water  issues  with  such  volume  that 
it  is  often  spoken  of  as  a  small  river.  It  contributes,  as  do  many  of 
th(»  sprino:s  of  the  region,  to  the  natural  beauty  of  the  scenery  and  the 
otijAynirnt  of  ph^asure  seekers. 

Many  of  the  springs  of  this  region  are  more  or  less  renowned,  and 
some  have  l)oen  f  re<[uented  for  many  years  as  health  resorts.  Analysers 
of  the  waters  from  some  of  them  have  been  made,  and  certain  of  them 
are  reputed  to  have  medicinal  value  and  in  rare  instances  do  contain 
unusual  minerals  in  sohition.  It  may  be  said  of  the  springs  of  the 
region  in  geneml  that  they  are  particularly  pure  and  wholesome.  As 
such  they  are  valuable  for  domestic  purposes,  and  in  some  instances  as 
a  supply  for  small  towns.  A  few  of  them  are  regarded  as  possessing 
therapeutic  qualities  which  render  them  valuable  in  specific  ailments*. 
None  of  th(»  springs  in  this  region  are  hot  springs.  On  the  contrarv, 
the  tempemture  of  them  in  summer  time  is  such  as  to  render  then) 
cool  and  pota])le.  The  country  is  at  present  sparsely  settled.  No 
doubt  more  of  the  springs  which  are  now  allowed  to  run  to  waste  will, 
because  of  their  surroundings,  become  valuable  as  pleasure  and  health 
resorts. 
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southwest  of  this  region  in  this  same  belt  of  outcrop  of  the  Greenbrier 
lim^tone.  A  series  of  similar  springs  might  be  developed  along  the 
eastern  part  of  the  Dans-Piney -Little  Allegheny  Mountain  range  which 
would  furnish  a  partial  or  even  a  complete  supply  of  pure  water  for 
the  city  of  Cumberland. 

The  line  of  contact  between  the  Oriskany  sandstone  and  Helderberg 
limestone  and  a  large  part  of  the  areas  of  those  formations  contain  a 
great  many  large  springs  which  are  important  for  local  rural  use. 

ASTBSIAN   WATER, 

Part  of  the  water  supply  for  the  town  of  Frostburg  is  obtained 
from  an  artesian  well  1^  miles  west  of  that  town,  on  the  eastern  slope 
of  Big  Savage  Mountain.  Water  is  said  to  have  been  foimd  in  sand- 
stones of  Carboniferous  age  at  depths  of  81,  182,  527,  and  1,200  feet. 
The  amount  of  water  procured  from  the  various  horizons  is  not 
known;  nor  is  it  certain  whether  the  water  is  derived  from  contami- 
nated horizons  near  the  surface  or  from  deeper  pure  sources.  If  this 
well  reached  the  Mauch  Chunk-Greenbrier  horizon  and  the  shallower 
water  were  cased  off  an  ample  pure  supply  would  result.  There  is  an 
area  of  about  90  square  miles  in  the  northwest  central  part  of  the  Frost- 
burg quadrangle  where,  in  the  Georges  Creek  syncline,  this  Mauch 
Chunk-Greenbrier  water  horizon  could  be  struck  at  depths  of  from 
1,000  to  2,400  feet.  The  water  will  not  rise  anywhere  in  these  wxlls 
above  an  elevation  of  2,700  feet  above  sea  level,  and  is  probably  drained 
out  of  the  syncline  in  the  vicinity  of  Braddock  Run  and  Jennings  Run 
to  the  level  of  1,000  feet. 

It  is  highly  probable  that  the  Ori.skany  and  Tuscarora  sandstones 
contain  artesian  water  in  their  synclinal  areas.  There  are  areas  to  the 
north,  northeast,  and  south  of  Cumberland  where  artesian  wells,  if 
properly  located  with  regard  to  the  local  details  of  structure,  would  be 
almost  certain  to  strike  pure  flowing  water  in  the  Oriskany  and  Tus- 
carora sandstones.  Similar  conditions  exist  over  a  large  proportion  of 
the  Flintstone  quadrangle,  but  except  in  the  vicinity  of  Cumberland 
there  is  no  demand  for  artesian  water. 
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and  6;  these  relating  to  mineral  water  from  a  report  by  Mi^s.  H.  C. 
Brown  incorporated  in  the  preceding;  those  relating  to  subterranean 
caves  and  streams  from  '^  Island  of  Cuba,"  by  Lieut.  A.  S.  Rowan  and 
M.  M.  Ramse}^  (Henry  Holt,  New  York,  1896);  and  those  relating  to 
wells  in  part  from  published  reports  of  the  War  Department,  but 
mainly  from  written  memoranda  furnished  directly  by  that  Depart- 
ment to  the  United  States  Geological  Survey. 

GEOdKAPHY  AND  TOPOGRAPHY. 

The  island  of  Cuba  is  located  south  of  the  State  of  Florida,  the 
meridian  of  Washington  crossing  it  about  200  miles  from  its  eastern 
end.  The  distance  of  the  nearest  point  of  Cuba  from  Key  West  is  86 
miles.  The  length  of  the  island  is  730  miles,  the  bi-eadth  from  20  to 
90  miles,  and  the  area  about  43,000  square  miles. 

In  general  terms  the  island  may  be  said  to  possess  a  central  high- 
land belt,  reaching  from  Cabo  de  May  si  on  the  east,  first  northwest- 
ward and  then  southwestward  to  Cabo  de  San  Antonio  on  the  west, 
attaining  an  elevation  of  2,500  feet  and  becoming  somewhat  moun- 
tainous in  places,  but  elsewhere  dropping  nearl}'^  to  sea  level. 

The  surface  may  be  divided  into  live  topographic  provinces,  three 
of  which  are  essentially  mountainous  while  the  other  two  are  of  low  or 
moderate  relief.  The  easternmost  of  these  topographic  divisions  coin- 
cides approximately  with  the  Province  of  Santiago.  In  this  province, 
taken  as  a  whole,  there  are  two  principal  mountain  groups.  The 
southern  is  an  east- west  ridge,  known  as  the  Sierra  Maestra,  extend- 
ing from  Capo  Cruz  to  the  vicinity  of  Puerto  de  Guantanamo,  and 
from  there  continued  by  a  geologiciilly  distinct  ridge  of  the  same 
trend  to  ("ape  May  si.  The  loftiest  mountains  of  Cuba,  some  of  which 
are  higher  than  any  peaks  in  the  eastern  United  States,  occur  in  this 
mnge.  The  northern  range  merges  with  the  southern  near  the  east 
ern  end  of  the  province,  but  diverges  westward,  the  intervening  area 
constituting  the  undulating  plain  of  the  well-known  Cauto  Vallc}', 
which  westward  merges  with  the  more  extended  plains  of  Puerto 
Principe.  The  second  topographic  division  corresponds  closely  with 
the  Province  of  Puerto  Principe,  and  is  made  up  of  plains  or  rolling 
open  country  broken  by  occasional  hills  or  low  mountains  rising  above 
the  general  level.  The  third  division  includes  the  mountainous  por- 
tions of  the  Province  of  Santa  Clara.  The  island  is  here  crossed  %  a 
mountainous  belt  made  up  of  a  number  of  subordinate  groups,  the 
highest  point  of  which  is  2,900  feet  in  altitude.  The  fourth  topo- 
graphic district  comprises  the  western  portion  of  Santa  Clara  Prov- 
ince, all  of  Matanzas  and  Habana  provinces,  and  the  eastern  portion 
of  Pinar  del  Rio.  This  region,  like  that  of  Puerto  Principe,  is  made 
up  of  low,  flat,  or  rolling  plains,  l)roken  hy  occasional  hills  several 
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lUDdred  feet  in  height.  The  fifth  division  comprises  the  greater  por- 
ion  of  Pinar  del  Rio,  and  is  chamctcrized  by  a  prominent  range  of 
iiountains  reaching  to  a  height  of  2,000  feet.  The  coast  is  bordered 
it  many  points,  esijccially  on  the  south  side  of  the  island,  by  marshy 
lelts,  while  the  shore  is  often  fringed  with  reefs  and  keys. 

GEOLOGY. 

The  structure  of  the  island  in  a  broad  way  is  anticlinal.  The  geo- 
ogic  axis,  which  coincides  roughly  with  the  topographic  axis,  is 
oarked  by  masses  of  serpentine,  granite,  and  folded  and  metamorphic 
lates  and  schists,  on  the  flanks  of  which,  dipping  gradually  away, 
ie  the  later  sedimentary  formations.  The  dip  is  strongest  to  the 
lorth.  Of  the  later  sedimentary  beds  the  oldest  appears  to  be  a  semi- 
rystalline  blue  limestone,  which  may  be  as  old  as  the  Paleozoic.  It 
8,  however,  only  locally  developed,  the  first  persistent  beds  being  the 
lard  gray  limestones  of  the  Cretaceous.  These  are  overlain  by  Eocene 
imestones  and  glauconitic  sands,  sometimes  interbedded  with  volcanic 
•ocks,  and  by  a  great  thickness  of  limestone,  marls,  etc. ,  of  Oligocene 
ige.  During  the  acciunulation  of  these  rocks  the  land  was  deeply  sub- 
nerged,  at  times  possibly  completely,  except  for  occasional  peaks  in 
KHithern  Santiago  Province.  In  Miocene  times  the  land  was  uplifted 
ibove  sea  level,  where  it  has  remained,  except  for  a  possible  subsidence 
)f  100  feet  in  Pliocene  times  and  a  number  of  minor  oscillations  in 
i^uaternary  times,  during  which  the  Quaternary  shelves  of  elevated 
•eef  rocks  were  formed.  The  uplift  was  greatest  along  the  old  axis, 
he  result  being  the  tilting  of  the  beds  on  both  flanks. 

The  lime,stones,  which  are  the  predominant  rocks  of  the*  island,  con- 
stitute nearly  its  entire  surface  except  along  the  axis  of  the  island, 
rhey  are  in  general  distinctly  stratified,  but  their  internal  structure 
bas  been  greatl}'  changed  by  the  action  of  percolating  waters,  nearly 
ill  traces  of  fossils  having  been  destroyed.  Their  present  thickness 
i«  from  800  to  1,000  feet.  Since  their  deposition  they  have  been 
removed  by  erosion  from  portions  of  the  higher  lands,  while  in  some 
of  the  less  elevated  lands,  although  the}^  form  the  surface,  they  are 
frequently  cut  through  by  streams. 

DRAINAGE. 

The  highlands  of  the  island  are  characterized  by  the  presence  of 
abundant  springs  of  considerable  volume.  While  a  considerable  num 
ber  of  these  flow  from  the  metamorphic  and  igneous  rocks,  the  larger 
springs  are  from  the  limestones  which  cover  a  large  part  of  the  island, 
rbe  waters  are  of  that  extreme  transparency  which  characterizes 
the  limestone  springs  of  the  adjacent  mainland  at  Florida.  It  is  from 
ii&ie  springs,  or  in    some    instances    from  underground  streams, 
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that  the  surface  sti'oams  of  the  island  take  their  rise.  The  nin-oS 
by  these  streams  is  very  great,  as  the  high  rainfall  usually  oiTursas 
showers  of  short  diinition,  the  water  finding  its  way  quickly  down  the 
steep  hillsides  into  the  streams.  The  portion  of  the  rainfall  sinking 
into  the  ground  passes  into  the  porous  limestone,  through  which  it 
finds  its  way  by  general  seepage  or  by  way  of  caverns  and  other 
underground  channels  back  to  the  streams.  In  some  instances  whole 
streams  disappear  into  the  limestone  only  to  reappear  near  the  margin 
or  beneath  the  sea. 

The  arrangement  of  the  streams  in  Cuba  is  very  simple,  their  courses 
being  nearly  all  normal  to  the  coast  and  their  lengths,  therefore,  very 
short.  The  divide  between  the  northward  and  the  southward  flowing 
streams  lies  near  the  axis  of  the  island,  being  generally  somewhat 
nearer  the  north  than  the  south  coast.  In  the  eastern  and  western 
provinces  the  divide  corresponds  with  the  mountainous  belts,  but  in 
the  central  province  it  falls  on  a  level  plain  and  is  extremely  indefinite. 
In  the  mountainous  regions  the  valleys,  while  moderately  steep-sided, 
are  fairly  wide,  but  where  they  cut  through  the  tilted  plateau  along 
the  northern  coast  canyon-like  valleys  have  been  formed.  An  excep- 
tion to  the  ordinary  armngement  of  streams  is  found  in  Santiago 
Province,  where  the  Rio  Cauto,  the  largest  river  of  the  island,  has  a 
trend  nearly  due  west.  The  length  of  this  stream  is  160  miles,  and  it 
is  navigable  for  shallow  cmft  for  a  distance  of  50  miles. 

Lakes  are  very  rare  on  the  island,  although  a  number  occur  in  the 
midst  of  the  dense  veg(»tation  of  the  marshes  near  the  coast.  Many  of 
these  are  hardly  known  to  the  inhabitants  themselves.  A  very  few 
small  lakes  are  also  found  in  the  mountains.  The  most  noted  of  these 
is  Lake  Ariguana])o,  which  lies  20  miles  southwest  of  Habana.  Its 
surface  is  6  sijuare  miles  in  area  and  it  is  drained  b\'  a  stream  which, 
after  flowing  on  the  surface  a  short  distance,  disappears  into  a  subter- 
ranean passage.  It  is  inhabited  b\^  tish,  which  are  supposed  to  have 
worked  their  way  upward  to  the  lake  through  this  passage. 

CIJMATE. 

The  climate  of  Cuba  is  tropical  and  insular.  The  year  is  divided 
into  a  niiny  and  a  dry  season,  the  former  extending  from  May  to 
October.  Two-thirds  of  the  total  precipitation,  which  amounts  to 
al)out  50  inches  at  Habana,  falls  within  this  period.  The  rainfall 
inland  is  (?onsidembly  higher.  The  average  temperature  for  August 
is  from  89  -  to  91^,  while  in  December,  January,  and  February  it  is 
10^^  to  15^  lower.  The  temperature  of  the  north  coast  is  somewhat 
lowered  by  the  persistent  northeast  trades.  The  relative  humidity  is 
very  great,  amounting  to  an  average  of  80  per  cent. 
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WATER  SUPPLY. 
CITY    WATER  SYSTEMS. 

otwithstanding  the  extremely  numerous  springs  and  streams  of 
}■  water,  few  public  supply  systems  have  been  installed,  and  these 

in  the  largest  cities  and  towns.  In  the  smaller  cities  and  villages 
supplies  are  obtained  from  a  variety  of  sources.  Shallow  wells 
^nerally  used  where  water  is  obtainable,  regardless  of  the  fact 
they  are  almost  invariably  subject  to  contamination.  Cisterns  are 
uently  used,  but  generally  furnish  insufficient  supplies  to  meet  the 
s  of  the  people.  To  supply  this  deficiency  water  is  often  peddled 
it  the  streets  in  kegs  and  other  receptacles.  Even  where  pure 
supplies  are  at  hand  the  poorer  classes,  in  many  instances,  are  not 
ned  to  connect  with  the  pipe  systems  because  of  the  expense,  but 
er  to  continue  to  purchase  their  sup,)lies  from  peddlers.  In  some 
IS  water  has  been  at  times  so  scarce  that  it  has  commanded  almost 
lous  prices. 

abana. — The  tirst  water-supply  system  for  the  city  of  Habana  was 
lUed  at  the  close  of  the  sixteenth  century,  when  a  dam  was  built 
ss  the  Almendares  River  about  a  mile  above  Puentes  Grandes,  and 
vater  brought  to  the  city  through  an  uncovered  aqueduct  known  as 
^nja  Real,  which  reaches  the  city  at  a  point  near  the  present  reser- 
.  From  this  point  the  zanja  divides  into  many  branches,  the  water 
nately  making  its  way  into  the  bay  and  sea  through  Matadero,  Agua 
^,  and  8an  Lazaro  creeks  and  the  city  sewers.  The  water  in  this 
duct  is  now  so  contaminated  as  to  be  unfit  for  drinking  in  the 
t-up  portions  of  the  city,  and  is  at  present  mainly  used  for  irriga- 

and  power.  The  water  i-ates  paid,  however,  are  so  low  that  the 
;nse  of  keeping  the  zanja  in  repair  is  greater  than  the  income 
red  from  it. 

le  second  system  of  water  supply  dates  from  1837,  when  the 
endares  River  was  diverted  at  a  point  about  4i  miles  above  the 
The  water  was  conducted  by  a  20-inch  iron  pipe  laid  to  the  city, 
ther  with  a  limited  number  of  distributing  pipes,  the  system  being 
^n  as  the  aqueduct  of  Fernando  VII.  An  attempt  was  made  at 
ition,  but  the  methods  proved  defective  and  in  times  of  heavy  rain 
supply  was  turbid  from  surface  wash.  The  filters,  however, 
>ugh  of  an  antiquated  type,  were  found  })v  the  Americjins  to  be  in 
I  condition  and  were  cleaned  and  maintained,  in  order  that  they 
d  be  utilized  to  bring  in  the  Almendares  water  in  c^ise  of  a  break 
le  Vento  aqueduct. 

le  supply  from  the  river  proving  insufficient  a  new  system  was 
ected  in  1858.  By  this  f)lan  a  group  of  400  springs  near  Vento, 
he  banks  of  the  Almendares,  about  8  miles  above  the  city,  were 
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enclosed  in  a  masonry  structure  150  feet  in  diameter  at  the  base,  250 
feet  at  the  top,  and  60  feet  deep.  Masonry  dams  were  built  around 
the  top  to  keep  out  the  surface  wash.  The  water  is  carried  under  the 
river  through  an  inverted  siphon  consisting  of  two  heavy  iron  pipes  io 
a  masonry  tunnel,  and  thence  by  gravity  through  an  underground 
masonry  aqueduct  to  the  Palatino  reservoir,  about  4  miles  from  the 
city.  From  the  reservoir  the  city  is  supplied  by  gravity  through  a 
system  of  distributing  mains.  The  construction  of  the  system  met 
with  many  interruptions,  but  the  works  were  finally  completed  about 
1893.  The  supply  is  about  40,000,000  gallons  a  day,  against  1,333,000 
gallons  a  day  of  the  earlier  system. 

In  1886,  during  the  construction  of  the  Vento  aqueduct  and  before 
its  completion  and  the  construction  of  the  reservoirs,  a  branch  main, 
20  inches  in  diameter,  was  run  from  the  Vento  aqueduct  at  a  point 
opposite  the  filter  beds  to  those  beds,  and  the  water  of  Almendares 
River  was  cut  off  from  the  beds  and  the  Vento  water  supplied  to  the 
city  through  the  aqueduct  of  Fernando  VII.  Since  the  completion  of 
the  Vento  system  neither  this  branch  main  nor  that  portion  of  the 
aqueduct  of  Fernando  VII  south  of  Palatino  has  been  used.  They 
have,  however,  been  maintained  in  good  condition,  so  that  in  case  of 
accident  to  the  Vento  system  below  the  branch  main  the  city  could  be 
supplied  with  Vento  water  through  this  branch  and  the  Fernando  VII 
aqueduct. 

Casa  Blanca  and  Regla  were  formerly  dependent  upon  cisterns  or 
local  wells  more  or  loss  contaminated,  or  upon  water  supplied  from 
the  Habana  mains,  which  was  carried  across  the  harbor  in  boats  and 
sold  at  the  rate  of  2  cents  a  gallon.  In  1899  an  iron  pipe  was  laid 
across  the  harbor  to  a  pumping  station  at  Cabana  Fortress,  from  which 
the  water  is  pumped  to  a  200,000-gallon  tank  on  the  hills,  whence  it 
flows  by  gravity  to  Cabana  Fortress,  the  barracks,  and  the  town  of 
Casa  Blanca.  Regla  is  supplied  by  a  gravity  main  connected  with  the 
Habana  supply.  A  pumping  station  was  installed  in  1898  near  the 
Palatino  reservoirs  for  the  purix>sc  of  furnishing  supplies  for  the  camps 
at  Quemados,  Marianao,  and  to  Camp  Columbia,  Aldecoa,  Principe, 
and  several  hospitiils,  and  other  places.  A  project  was  also  started  to 
supply  the  town  of  Arroyo  Naranjo  from  springs  atCalabazar.  Plans 
were  also  made  for  supplying  Pirotecnia,  Carmelo,  and  other  localities. 

The  only  large  sections  of  Habana  now  without  Vento  water  are  the 
higher  portions  of  Jesus  del  Monte  and  La  Vibom  and  the  high  sec- 
tions of  Vedado,  all  of  which  will  have  to  be  supplied  by  pumping,  a^ 
they  are  above  the  limits  of  the  gravity  supply.  Detailed  plans  and 
estimates  were  prepared  and  submitted  for  the  supply  of  the  former 
places,  at  an  estimated  cost  of  $36,500,  but  the  work  was  not  under- 
taken by  the  Americans  on  account  of  the  lack  of  funds.  Studies  were 
made  for  the  supply  of  the  higher  parts  of  Vedado. 
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L  concession  was  granted  to  a  private  company  by  the  Spanish  in 
i  to  supply  and  sell  Vento  water  to  the  lower  portions  of  Vedado 
Oarmelo.  Some  work  was  done,  but  the  system  was  found  to  be 
implete  and  in  bad  condition,  and  the  concession  was  annulled  by 
sr  of  the  governor  of  Habana  in  1899.  This  order  was  revoked, 
ever,  in  1900.  The  conditions  are  still  very  unsatisfactory. 
uring  the  Spanish  control  cast  and  wrought-iron  pipes,  princi- 
y  the  latter,  were  used  for  house-service  connection,  and,  owing  tc» 
rapidity  with  which  they  are  destroyed  by  the  salts  and  acids  of 
soil,  breaks  were  frequent.  Many  of  the  distributary^  pipes  were 
» old  and  the  connections  were  frequently  faulty  and  complicated. 
QV  of  the  valves  of  the  old  system  were  found  to  be  almost  entirely 
troj'ed.  A  large  amount  of  repairs,  including  the  replacement  o:^ 
ch  pipe,  the  installation  of  many  new  valves,  and  the  inspection  oi* 
fire  hydrants  and  installation  of  100  new  ones  were  made  by  the 
lericans. 

n  certain  parts  of  the  city  leakage  was  ver}-  great  and  an  investiga- 
D  was  made  by  the  Americans,  with  the  result  that  the  daily  con- 
nption  was  decreased  from  35,419,342  to  28,700,800  gallons,  or  from 
I  to  117  gallons  per  capita.     The  consumption  is  still  high,  espe- 
lly  for  the  hours  tetween  1  and  2  a.  m.,  when  the  legitimate  con 
mption  should  be  very  small.     Prolwibly  much  of  this  loss  is  due  tc» 
iks  that  (*an  not  be  readily  located  because  of  the  porosit}"  of  thd 
il,  which  favors  rapid  absorption  of  the  leakage. 
The  regulations  governing  the  water  supply  of  the  city  do  not  admit; 
proper  control  and  regulation  of  the  service.     In  1902  the  installa 
m  of  water  was  made  compulsory  in  those  portions  of  the  city  thai 
e  supplied  with  mains  and  the  installation  of  meters  was  required  in 
loufacturing  establishments  or  other  institutions  using  large  quan- 
ies  of  water.     This  order  greatly  increased  the  revenues  and  secured 
more  just  distribution  of  charges. 

Daring  the  American  occupation  it  was  observed  that  for  a  day  oi 
0  after  a  freshet  a  quantity  of  turbid  water  entered  the  main  spring 
"taza''  at  Vento.  It  was  at  first  thought  that  this  was  caused  by  the 
rcr  water  entering  the  spring  through  the  valves  regulating  the  over- 
»w,  which  were  not  designed  to  resist  pressure  from  the  outside,  but 
periments  made  later  showed  that  the  trouble  was  due  not  only  tci 
is  leakage,  but  chiefly  to  underground  connections  between  the  outei 
'rings  and  the  main  springs.  When  the  river  rises  beyond  the  levei 
the  main  spring,  the  head  thus  formed  forces  the  water  through 
ese  connections  into  the  spring.  Apparently  the  only  way  to  pre- 
int  this  is  to  build  a  tight  wall  around  the  outer  springs  and  carry  it 
ove  the  highest  flood  level,  or  else  to  tightl}^  cover  these  springs  and 
t)vide  automatic  waste  valves  which  will  close  when  the  river  rises 
the  danger  point. 
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During  the  ix^riod  of  the  American  occupation  the  Vento  aqueduct 
and  the  Palatino  reservoirs  were  maintained  in  good  condition,  the 
reservoii's  f>eing  thoroughly  cleaned  at  least  once  a  month.  These  are, 
however,  insufficient  in  size,  holding  less  than  half  a  day's  supply,  and 
should  be  enlarged.  The  aqueiluct  is  large  enough  for  present  needs, 
hut  a  new  one  is  desinible  to  provide  for  the  possibility  of  accident  to 
the  present  one.  The  supply  from  the  springs  is  ample  for  present 
and  future  needs,  and  the  water  is  excellent  in  quality,  being  almost 
pure  organically,  but  hard  from  limestone  in  solution. 

Matfinzit^'i, — The  city  of  Matanzas  has  had  an  abundant  supply  of 
excellent  water  since  1872.  The  source  is  Bello  Springs,  from  7  to  10 
miles  from  town.  As  in  other  Cuban  cities,  many  have  failed  to  take 
advantage  of  the  public  supply  but  continue  to  obtain  their  supply  by 
purchase  or  from  shallow  wells  and  springs. 

During  the  American  occupation  the  problem  of  supplying  the  jail 
was  investigated.  The  water  is  now  obtained  from  a  cistern  and 
pumped  into  an  elevated  28,000-gallon  tank,  from  which  it  is  distrib- 
uted to  the  jail  for  use  in  ])aths  and  closets.  Since  installing  the  tank 
the  averag(»  daily  consumption  from  the  wat<*r  company's  mains  has 
been  reduced  fnnn  between  5,000  and  10,000  gallons  to  about  500  gal- 
lons, th(».  average  charges  at  the  same  time  falling  from  $1>5  to  $3.85, 
the  latter  sum  l)eing  paid  for  water  still  obtained  from  the  company 
for  drinking  and  cooking  purjwses.  The  total  cost  of  the  installation 
was  '^\\iu. 

Cfirdt'iias. — Cardenas  has  luM^n  supplied  since  1S72  with  pure  water 
from  a  sul)terraiiean  river  about  a  mile  distiint.  Brackish  wells  and 
cisterns  are  still  depended  upon  by  some  of  the  people,  while  others 
have  until  rectMitly  i)urchased  their  water  from  street  peddlers. 

(■iriififrfjns.  rntil  a  f<^w  years  ago  this  city  was  supplied  by  cisterns 
or  by  ])<^d(U(Ms.  but  waterworks  were  l>eing  inti*oduced  at  the  time  of 
th(*  American  oc('U])ati()n. 

(jnjtnfanaino.  This  town  was  formerly  supplied  b}'  an  underground 
stream  flowing  from  a  cav«',  but  work  on  a  new  suppl}'  was  begun  in 
18IM»  by  th(*  Americans,  who  built  a  dam  across  (luaso  River,  ^  nodles 
from  (luantanamo.  This  dam  was  completed  in  1901  and  yields  a  sup- 
ply of  9r)5,ir)2  gallons  of  excellent  water  daily,  or  120  gallons  per 
capita.  The  total  cost  was  S!^l(Vl^>*>-»^--  I'he  work  was  turned  over 
to  the  municipality  in  February.  1002. 

purlin  /^///r/y^^'.-  The  water  supply  of  Puerto  Princi[>e  is  derived 
chiefly  from  artesian  wells,  live  of  which  were  drilled  during  the  Amer 
ican  occupation.  Of  these,  two  are  in  the  northern  part  of  the  citji 
one  in  the  western,  one  in  the  central,  and  one  in  the  southern.  Tb* 
two  wells  in  the  northern  part  of  the  city  are  each  480  feet  deep,  sitfl' 
ated  side  l)y  side,  and  supply  about  25,()no  gallons  of  water  daily  t^ 
the  public  Imildings  and  to  the  public  who  call  for  it.     At  this  \Adfi 


iriLOLl  WATERS   OF   CUBA.  191 

die  water  is  pumped  by  steam,  the  pumps  being  run  day  and  night. 
At  the  other  wells — one  near  Carmen  Hospital,  where  a  good  and 
abundant  supply  was  obtained  at  a  depth  of  188  feet;  one  in  the  market 
plice,  207  feet  deep,  and  one  at  the  Matadero,  154  feet  deej)— GO-foot 
toirer  windmills,  with  10,000-gallon  tanks,  have  been  erected.  The 
tanks  are  placed  30  feet  above  the  ground. 

Santiago. — Santiago  has  long  been  supplied  with  water  from  Boni- 
ato  River,  a  neighboring  stream,  the  water  being  conducted  to  the  city 
fcjan  aqueduct.     This  was  cut  by  the  American  army  during  the  siege 
of  the  city,  but  was  repaired  during  the  American  occupation.     Prior 
to  this  time  the  supply  was  only  about  1^  gallons  per  capita  from  *Fune 
to  February,  while  in  March,  April,  and  May  the  stream  was  so  low 
that  only  2.5  to  5  gallons  were  obtainable.     After  certain  improve- 
ments had  been  made,  measurements  showed  the  supply  capable  of 
yielding  80(), (KK)  gallons  daily,  or  18.6  gallons  j)er  capita,  but  the  sup- 
ply was  decreased  102,000  gallons  daily  by  the  necessity  of  cutting  a 
part  oflf  from  the  lower  part  of  the  cit\'  in  order  to  secure  sufficient 
head  to  supply  certain  of  the  higher  portions.     An  additional  supply 
of  30,0<X)  gallons  was  obtained  by  cleaning  and  repairing  the  old  reser- 
voir built  in  1860  and  connecting  it  with  the  city  mains.     The  north- 
em  part  of  the  city  was  supplied  from  the  reservoir,  while  the  southern 
part  wa.s  supplied  by  the  direct  mains.     Pumps  were  also  installed  to 
increase  the  supply  in  dry  seasons. 

As  approximately  3,000  people  live  on  the  stream  within  a  mile  of 
the  intake  the  water  was  badly  polluted  and  there  was  constant  danger 
of  epidemics.  This,  taken  in  connection  with  the  deticiency  of  supply, 
made  it  imperative  to  look  for  a  new  source.  Detailed  investigations 
were  accordingly  made  by  the  Americans,  the  country  for  30  miles 
around  the  city  being  examined  with  a  view  to  procuring  a  new  sup- 
ply- The  sources  considered  were  (1)  a  gravity  supply  from  Baco- 
nao  River;  (2)  a  gravity  supply  from  Cauto  River,  and  (3)  a  pump 
supply  from  wells  in  the  San  Juan  Valley. 

In  the  proposed  Baconao  system  the  water  would  be  taken  from  a 
point  about  21  miles  above  the  mouth  of  the  river,  from  which  it  would 
be  conducted  19  miles  to  Daiquiri  and  18.5  miles  farther  to  Santiago. 
Nearly  the  whole  of  the  line  is  of  easy  access,  and  the  location  would 
require  very  little  costly  road  making.  ■  The  estimated  total  cost  was 
$2,8^,812  and  the  annual  cost  of  operation  .$169,000. 

A  supply  from  Cauto  River  could  he  brought  in  by  pumping  through 
the  Maniel  or  Rio  Frio  Pass  from  a  point  about  2i  miles  })el()w  Dos 
Palmas,  a  distance  of  25  miles  from  Santiago.  The  country-  is  favor- 
able to  the  construction  of  a  conduit,  and  good  locations  for  dams  and 
jiower  stations  are  available.  The  estimated  cost  was  §1,451,127,  and 
the  annual  cost  of  operation  Slo5,000. 
IRB  MO— 05 13 
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The  preliminary  surveys  having  shown  that  still  better  results  woi 
l)e  obtained  from  a  well  system  in  the  San  Juan  Valley,  a  detai 
investigation  in  that  region,  including  the  drilling  of  test  wells. ' 
undertaken.  The  portion  of  the  valley  under  consideration  lie.s ; 
south  of  the  Sierra  Maestra,  and  drains  to  the  sea  through  a  gorge 
feet  wide  at  I^a  Laguna.  The  underflow  through  the  river  gravel 
vcr\'  high  in  some  of  the  branches,  and  the  water  is  of  good  quality,  i 
withstanding  the  river  waters  themselves  are  f  requentlj-  much  poUu 
The  well  sections  show:  (1)  A  surface  layer  of  brown  clay  and  vi 
table  matter  from  about  4  to  16  feet  in  depth;  (2)  a  water-beai 
stratum  of  sand,  gravel,  bowlders,  and  broken  coral  rock,  11  to  3() 
thick,  with  an  average  of  25  feet;  (3)  blue,  yellow,  or  brown  clay, 
20  feet  thick;  and  (4)  a  series  of  sands,  gravel,  broken  coral  rock,c 
etc.  The  conil  bed  rock  has  not  l)een  reached  except  along  the 
dors  of  the  valley,  where  it  is  near  the  surface.  The  following  re( 
may  ])e  given  as  typical: 

Record  of  u'ell  at  Santiagot  Oiba, 
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The  area  of  the  local  underground  reservoir  to  be  drawn  upoi 
the  supply  is  estimated  as  8^  square  miles,  and  the  prolmble 
computed  as  from  1,235,000  gallons  a  day  in  dry  seasons  to  pei 
2,434,000  gallons  in  wet  seasons.     The  average  rainfall  is  estinuit 
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lbout60  inches,  the  run-off  as  13.5  per  cent,  and  the  total  supply  of 
Underground  storage  23,000,000  gallons  a  day.  If  60  per  cent  of  the 
15  feet  of  storage  gravel  is  utilized'  the  supply  is  good  for  410  days,* 
irhich,  considering  the  fact  that  the  dr}'  season  lasts  only  four  or  five 
Qoonths,  is  ampl^^  sufficient.  The  water  of  the  lower  gravels  can  also 
lie  utilized  in  case  of  any  deficiency  of  the  upper  supply.  Infiltration 
^leries,  gang-tube  wells,  and  large  caisson  wells  were  considered  as 
nethods  of  collecting  the  water,  the  latter  being  finally  recommended. 
Sad  Juan  Hill  was  selected  as  the  best  site  for  the  pumping  plant, 
in  examination  of  the  water  by  G.  C.  Whipple,  of  Brooklyn,  N.  Y., 
ihowed  slight  organic  matter,  low  free  ammonia  nitrites  and  nitrates, 
ud  high  chlorine,  as  well  as  carbonates  and  sulphates — especiall}'  the 
former.  Storage  in  the  dark,  to  prevent  algous  growth,  was  recom- 
mended. The  cost  of  installation  was  estimated  at  $408,650  and  that 
of  operation  as  $92,000  annually.  Both  figures  are  much  lower  than 
either  of  the  other  systems  proposed. 

Miuizaiulh. — This  town  formerly  had  a  water  system  deriving  its 
supply  from  the  river  Yara,  but  it  proved  unhealthful  and  was  aban- 
doned.   Cisterns  now  furnish  the  main  supply. 


Owing  to  the  great  porosity  of  the  limestone  which  forms  the  sur- 
twe  over  a  large  part  of  Cuba,  and  which  rapidly  absorbs  and  almost 
•8  rapidly  discharges  its  waters,  springs  are  very  numerous.  They 
ire  of  all  sizes,  from  small  rills  up  to  almost  river-like  streams. 
Some  of  the  springs  seep  from  the  porous  limestone,  but  many  of 
them  issue  from  more  or  less  cavernous  orifices.  They  issue  at  all 
•Ifcitudes,  from  the  higher  portions  of  tlie  hills  down  to  the  lowland 
border,  or  even  at  sea  level.  It  is  probable  that  the  marshy  tracts 
bordering  the  south  coast  at  many  points  are  in  part  due  to  the  emer- 
gence of  the  underground  water  through  the  limestone.  Not  all  of 
the  water  comes  to  the  surface  of  the  land  as  springs,  )>ut  some  passes 
outward  and  emerges  from  the  sea  bottom  along  the  coast,  where  in 
ttiany  instances  the  fresh  water  can  be  seen  bubbling  up  through  the 
«lt  water.  Such  springs  occur  in  Habana  Harbor  and  at  many  other 
points.  The  fresh  water  which  emerges  as  copious  springs  on  some 
j  of  the  keys  is  probably  of  the  same  origin,  coming  from  the  main- 
Iwid  through  subterranean  passages  in  the  limestone. 

Most  of  the  spring  waters  of  the  island  are  highly  calcareous,  but 
^  osually  not  otherwise  especially  high  in  mineral  matter.  They 
fcnn  pure  supplies  for  a  number  of  cities,  including  Ha))ana,  Matan- 
tts,  and  Cardenas,  while  at  other  points  not  having  public  supplies,  as 
^  Marianao,  the  water  is  obtained  from  adjacent  springs  and  sold 
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through  the  town.  Although  by  far  the  larger  number  of  springs  arc 
of  the  pure  calcareous  type,  there  are  a  number  of  mineral  springs 
upon  the  island.     These  are  described  under  *'  Mineral  waters,"  below. 

8UBTERRANEAN   STREAMS   AND  CAVES. 

Probably  very  few  regions  in  the  world  so  abound  in  cav^es  and 
Hubtermnean  passages  as  the  island  of  Cuba.  The  porous  limestone 
permits  a  free  entrance  of  water  which,  by  its  passage,  dissolves  out 
caverns  of  various  shapes  and  sizes.  Although  the  underground  pas- 
sages are  very  numerous  they  are  not  usually  large,  and  the  caves 
generally  lack  the  great  beautj'  of  man}^  of  the  stalactit«-hung  caves 
of  the  harder  types  of  limestone. 

Many  streams  disappear  from  the  surface  into  the  limestone.  Of 
such  streams  the  Rio  San  Antonio,  in  the  province  of  Habana,  is  the 
most  noted.  This  stream  issues,  with  a  width  of  several  feet  and  a 
strong  current,  from  Lake  Ariguanabo,  flows  a  short  distance  througl^ 
the  town  of  San  Antonio  de  Los  Banos,  and  then  enters  a  cavern  and 
disappears  from  the  surface.  In  a  similar  manner  the  Rio  Guana- 
jay  flows  on  the  surface  for  about  12  miles  and  then  disappears  intc 
tlie  limestone  near  the  village  of  San  Andres.  The  Rio  Jatibonicode 
Norte  rises  in  the  Sierra  de  Jatibonico  and  alternatelv  disappears  and 
reappears  in  a  succession  of  cascades.  The  Rio  Mayari,  near  Santiago 
and  the  short  stream  called  Moa  both  pass  through  caverns  in  theii 
courses.  Many  other  streams  throughout  the  island  pass  at  one  poin 
or  another  in  their  course  under  natural  rock  arches. 

Among  the  larger  or  more  noted  of  the  caves  are  those  of  Resol 
ladero  Guacanaya,  in  Guaniguanico;  Maria  Bel^n,  in  the  Sierra  d 
Afiafe;  that  of  Cotilla,  near  San  Jos6  de  las  Lajas,  15  miles  southeas 
of  Habana;  the  magnittcent  caves  of  Bellamar  in  Matanzas;  the  cave 
of  San  Jos6  de  los  Rcmedios;  and  the  caverns  of  Cubitas,  of  Gibara 
of  Yumuri,  of  Holguin,  and  of  Bayamo;  while  north  of  Guantaniun 
are  the  noted  Monte  Libano  caverns. 

The  Bellamar  caverns,  3  miles  distant  from  Matanzas,  are  extensiv 
and  possess  a  high  temperature.  The  air  is  supposed  to  have  certai: 
curativ^e  properties,  and  the  caves  are  resorted  to  by  invalids.  A 
Baracoa  are  caverns  that  have  an  unusual  development  of  stalactite 
and  contain  animal  remains  of  unknown  date. 

MINERAL    WATERS. 

Cuba  possesses  some  true  mineml  springs,  although  these  are  smal 
in  number  compared  with  the  common  springs.  Little  use  is  yet  mad 
of  them  for  drinking  purposes,  and  almost  nothing  is  done  in  the  wa, 
of  shipment.  On  the  other  hand,  however,  they  are  extensively  use 
for  bathing  at  various  waterini£jjlig©s  and  health  resorts.     The  portio; 
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of  the  following  notes  relating  to  the  province  of  Pinar  del  Rio  and  to 
apart  of  Habana  Province  was  compiled  by  Mrs.  H.  C.  Brown  for  the 
report  of  Brigadier-General  Wood. 

Protnnce  of  Pinar  dd  Rio. — Of  the  numerous  health  resorts  of  Cuba. 
that  of  San  Diego  de  los  Banos  enjox's  a  particularly  large  share  of 
popular  favor.  The  town  wa8  founded  in  1843,  and  before  the  numer- 
ous wars  decimated  the  population  contained  8,007  inhabitants,  but  at 
present  it  counts  little  more  than  a  quarter  of  that  number.  The  left 
bank  of  the  river  which  flows  beside  the  town  bubbles  with  sulphurous 
springs,  some  warm,  others  cold.  The  best  known  of  these  are  called 
Templado,  Tigre,  and  La  Paila.  On  the  authority  of  Dr.  Jos6  Miguel 
Cabarrouy,  medical  director  of  the  baths,  the  following  analysis  of  the 
waters  of  Templado  and  Tigre  is  given: 

Analysis  of  mineral  vxiier  at  San  Diego  (le  los  BafloSy  province  of  Pinar  del  Rio,  Cuba. 

Per  cent. 

Hydrogen  sulphide 0. 152 

Carbonic  acid 062 

Sulphate  of  1  ime 974 

Chloride  of  sodium 032 

Bicarbonate  of  magnesia 080 

Alumina 006 

Total 1.306 

The  density  of  these  waters  is  given  as  1.014.  They  contain,  besides 
the  ingredients  noted  above,  undetermined  quantities  of  silicic  acid, 
carbonate  of  iron,  nitrogen,  oxygen,  and  organic  matter.  The  Tem- 
plado produces  860,000  liters  in  twenty-four  hours,  and  the  Tigre 
210,000,  without  any  variation  according  to  seasons.  The  water  is 
colorless,  has  the  disagreeable  odor  of  sulphuretted  hydrogen,  and 
tastes  slightly  sulphurous.     It  has  a  temperature  of  about  34^  C. 

The  spring  called  La  Paila  shows  the  following  analysis: 

Analyinjf  of  uxUerfrom  Mineral  Spring  La  Paila,  province  of  Pinar  del  Rio,  Cuba. 

Per  cent. 

Sulphate  of  lime 1.068 

Chloride  of  sodium 022 

Bicarbonate  of  magnesia 120 

Carlxjnic  acid .  084 

Alumina 012 

Total 1.306 

The  waters,  which  have  a  temperature  from  22^  to  25^  C,  show 
traces  of  sulphuretted  hydrogen,  silica,  carbonate  of  iron,  oxygen, 
nitrogen,  and  organic  matter. 

The  waters  of  San  Diego  de  los  BaiTos  have  proved  to  be  of  special 
value  in  cases  of  skin  disease,  rheumatism,  and  nervous  affection.  The 
place  has  a  wide  patronage  and  makes  pretensions  as  a  popular  resor 
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Springs  of  niinei-al  water  are  also  reported  from  the  municipal  dir' 
trict  of  Marici.  In  the  district  of  San  Cnst6bal  are  springs  called 
Soroa. 

Prorince  of  Ilahana, — The  most  prominent  springs  of  Halmna  Prov- 
ince are  found  at  Guanabacoa,  Madruga,  and  Santa  Maria  del  Rosario. 

The  principal  use  of  the  mineral  water  at  Guanabacoa  is  made  by  tli6 
Santa  Rita  baths,  which  are  constructed  of  stone  and  are  popular  with 
many  of  the  residents  of  Habana. 

Madrui^  has  warm  and  sulphur  ])aths,  supposed  to  possess  curative 
properties  in  eases  of  skin  disease,  and  also  springs  of  mineral  water 
that  is  reported  to  be  excellent  for  stomach  troubles.  The  town  is  a 
popular  watering  place,  having  several  hotels  which  are  extensively 
pjitronizcd  from  March  to  October. 

The  baths  of  Santa  Maria  del  Rosario  are  famous  for  their  medicinal 
qualities.  The  principal  springs  that  supply  the  baths  are  three  in 
number.  The  waters  of  the  first,  which  is  called  Mina,  Templado,  or 
Palmitu,  issues  from  an  orifice  in  the  rock  3.80  meters  below  the  sur- 
face. The  water  from  this  spring  is  clear  and  colorless,  has  the  odor 
of  sulphuretted  h^^drogen,  and  is  disagreeable  to  the  taste.  It  is  cold, 
reaching  a  tompemture  of  only  22^  C.  Its  reaction  is  alkaline.  The 
water  of  the  second  spring,  called  Tigre,  comes  from  a  well  6.04  meters 
deep.  Although  clear  and  transimrent,  it  has  a  light  j^ellow  color,  an 
odor  more  pronounced  th:m  that  of  La  Mina,  and  a  stronger  taste  than 
the  first.  Its  temperature  is  21.5-  C'.,  and  its  reaction  is  freely  alkaline. 
The  spring  called  I^a  Paila  is  only  a  meter  deep.  The  water  is  clear  and 
colorless  and  has  an  odor  and  a  taste  more  pronounced  than  the  water 
of  the  other  two  springs.  It  is  colder,  having  a  temperature  of  19.50^ 
(■.  Analysis  of  the  waters  >hows  appreciable  amounts  of  sulphur  and 
hydrogen  sulphide. 

hh'  nf  Phit's. — There  an*  many  natural  springs  all  over  the  Isle  of 
Pines,  and  those  of  Santa  F<>  have  an  established  reputation  for  their 
curative  properties,  both  in  ('uba  and  abroad.  The  waters  are  said  to 
be  particularly  rich  in  iron  iuid  magnesia,  and  contain  also  oxjgenand 
carbonic-acid  gases,  chloiidc  of  sodium,  sulphate  of  lime,  carbonate  of 
lime,  chloride  and  nitrat(»  of  calcium,  and  silica.  The  tem|)erature  of 
the  waters  is  generally  af)out  82  ^  F.  Some  of  the  larger  springs  flow 
a  stream  of  water  the  size  of  a  man's  body. 

WELI*^    fclNK    RY    THE    WAK    DEPARTMENT    IN    Cl'BA.« 

CienfutgoH, — A  v\cll  was  sunk  by  the  army  authorities  at  this  point 
to  a  depth  of  111  feet.  A  good  flow  of  water  was  obtained.  The  fol- 
lowing is  a  record  of  the  materials  penetrated: 

Feet. 

Clay  aad  tand 1  -  86 

iiluoclay  - 87-101 

rtli\*»  cUv  and  jjnivel 102-1 11 


aCompik'd  fn)m  reports  ami  inemorandu  of  the  War  DepArtment. 
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tt?tfm.~Two  wells  were  drilled  at  this  point  by  the  Bacon  Air  Lift 
Company,  at  a  cost  of  $2,500.     The  first  well  was  started  August  8, 
VMKi,  but  was  abandoned  at  a  depth  of  212  feet,  because  of  the  telescop- 
ing of  the  pipe.     A  new  well  was  then  started.     This  obtained  water 
at  75  feet  and  a^in  at  90  feet,  but  the  flow  was  small.     At  560  feet  a 
strong  flow  of  salt  water  was  obtained  and  the  well  was  then  aban- 
doned.   The  diameter  of  the  casing  was  8  inches  at  the  top  and  6  inc^hes 
at  the  bottom.     The  failure  of  this  well  was  seriously  felt,  as  the  cis- 
tern supply  on  which  the  town  depended  was  v^ry  insufficient.     Sev- 
eral other  wells  were  drilled  to  a  depth  of  about  600  feet  with  like 
results. 

Gftatuijay, — A  well  was  here  sunk  to  a  depth  of  40  feet,  which 
resulted  in  a  failure. 

Ilfdguin, — Most  of  the  supplies  at  this  place  are  from  surface  wells 
and  are  satisfactory  in  amount  except  at  times  of  drought.  The  water 
is  derived  from  disintegrated  granite  and  is  somewhat  liable  to  surface 
cootaniination.  It  is  hard  and  contains  considerable  mineral  matter. 
During  the  American  occupation  the  public  wells  were  deepened  and 
cleaned,  and  windmills  were  erected.  An  artesian  well  was  begun  on 
Xoveml)er  20,  1900.  A  strong  flow  of  excellent  water  is  reported  to 
have  been  obtained  at  61  feet,  but  was  cased  off  with  the  hope  of  find- 
ing more  abundant  water  at  a  deeper  level.  Hard  water  was  encoun- 
.tered,  however,  and  the  bit  broke  at  160  feet,  at  which  depth  the  well 
ceased.  A  later  well  went  to  a  depth  of  400  feet,  a  small  amount  of 
water  being  found  at  a  depth  of  125  feet,  but  none  below.  A  steam 
pump  and  tank  were  put  in,  and  the  well  gave  a  supply  sufficient  for 
the  barracks,  but  not  for  the  town. 

Matamas. — Wells  were  drilled  by  the  Government  to  depths  of 
from  330  to  400  feet,  but  resulted  in  failure. 

Pasa  Cabdlm. — The  wells  sunk  by  the  War  Department  at  this 
point  were  78  feet  deep  and  gave  60,000  gallons  during  a  ten-hour 
pumping  test. 

Phvar  del  Ruk — A  well  begun  by  the  War  Department  on  April  5, 
18^,  was  drilled  to  a  depth  of  285  feet,  but  resulted  in  a  partial  fail- 
ure, the  water  being  very  hard  and  carrying  some  sulphur.  The  for- 
mation from  a  few  feet  of  the  surface  to  the  bottom  of  the  well  is 
stated  to  consist  of  alternate  layers  of  soft  and  hard  rock,  parts  of 
which  approach  clay  in  character.  Water  in  small  quantities  was 
found  at  35,  80,  and  145  feet,  and  in  smaller  amounts  between  200  and 
285  feet.  There  are  158  feet  of  6-inch  casing  in  the  well.  The  water 
rise*  within  95  feet  of  the  surface.  The  well  will  not  furnish  more 
than  one  gallon  a  minute  and  is  regarded  as  a  failure,  as  the  well  is 
pumped  down  to  150  feet  in  a  half-hour  with  an  ordinary  hand  pump. 
The  water  rises  to  its  former  level  in  about  thirty  minutes.  It  cost 
about  $1,800. 
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Puerto  Pmicipe. — A  number  of  wells  were  drilled  by  the  War 
Department  at  this  point.  The  first  one  of  importance  appears  to  have 
been  started  on  May  1,  1899.  It  is  located  on  the  grounds  on  which 
the  cavalry  barracks  were  situated  in  the  city  of  Puerto  Principe, 
and  its  mouth  has  an  elevation  of  337  feet  above  sea  level.  The 
ground  in  its  vicinity  is  practically  level.  During  the  first  30  feet 
the  well  passed  through  decomposed  granite,  but  from  30  feet  to 
the  bottom  it  was  drilled  through  hard  crystalline  rock  of  various 
colors  and  hardness.  The  first  water  of  consequence  was  struck  at 
95  feet,  and  rose  to  within  30  feet  of  the  surface.  The  boring  was 
continued,  however,  to  a  depth  of  264  feet  without  obtaining  any 
decided  increase  in  the  amount  of  water.  At  this  point  the  drill  was 
once  more  withdrawn  and  a  pumping  test  made  lasting  two  days. 
Five  hundred  gallons  were  pumped  hourly  without  lowering  the 
working  head  of  the  water  more  than  a  few  feet.  It  was,  however, 
decided  to  push  the  well  to  a  greater  depth.  A  month  later,  when  the 
well  had  reached  a  depth  of  457  feet,  the  drill  was  again  withdrawn, 
and  the  well  was  tested  by  a  2-inch  pump  attached  to  the  walking  beam 
of  the  well  rig  and  making  30  strokes  to  the  minute.  It  extended  150 
feet  down  the  well,  and  during  the  two  days  an  average  of  502  gallons 
of  water  an  hour  was  raised.  At  the  beginning  of  the  pumping  the 
water  stood  30  feet  from  the  surface,  but  fell  rapidly  during  the  first 
hour,  at  the  end  of  which  it  stood  at  a  depth  of  43  feet  from  the  sur- 
face. During  the  continuance  of  the  pumping,  however,  doubtless  by 
reason  of  the  removal  of  silt  from  the  pores  of  the  adjacent  rock,  the 
water  slowly  rose  until,  at  the  end  of  the  fifth  hour,  it  had  reached  a 
level  of  41  feet  from  the  surface.  On  standing  oyer  night  the  water 
returned  to  its  original  level  of  30  feet,  but  during  the  first  hour's 
pumping  again  fell  to  a  level  of  41  feet  below  the  surface.  On  August 
30  the  drills  were  replaced  and  the  well  was  pushed  to  a  depth  of  474 
feet.  Previous  to  the  sinking  of  the  well,  the  supply  of  the  barracks 
had  been  obtained  by  hauling  water,  all  of  which  had  to  be  boiled, 
from  a  creek  3  miles  away.  The  test  of  the  well  proved  that  it  would 
supply  more  than  500  gallons  an  hour  without  lowering  the  water 
more  than  11  feet  from  its  normal  level,  and  it  was  estimated  that  from 
2,000  to  3,000  gallons  an  hour  could  be  obtained  without  lowering  the 
level  more  than  30  feet.  The  water  is  clear,  without  sediment,  and  is 
sparkling  and  palatable.  An  anahsis  of  water  made  at  the  Military 
HospitJil  No.  1  at  Habana  is  given  below: 

AnahjHi^  of  water  from  Puerto  Principe. 

Odor,  none;  taste,  faint  flaline;  color,  no  color,  very  clear;  some  matter  in  susi>en- 

sion  composed  mainly  of  preci  pi  tilted  Halt8. 

Parts  per 
1 ,000,000. 

Free  ammonia None. 

Albuminoid  ammonia None. 

Chlorine,  0.2 2 
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Parts  per 
1,000,000. 

Salpharic  acid  as  sulphates 36 

Sulphureted  hydrogen None. 

Total  solids 305 

Phoephoric  acid Trace. 

Silicic  acid  (silicates) 22 

Iron,  none;  other  metals  not  tested. 

Calciam 69 

Magnesium,  pyrophosphates 105 

Potassium  and  sodium,  somewhat  in  excess. 

This  water  is  free  from  harmful  materials  and  is  suitable  for  all 
domestic  purposes. 

The  water  was  piped  to  the  barracks  and  furnished  a  satisfactory 
supply.  In  addition  a  considerable  amount  was  shipped  to  Nuevitas 
by  rail. 

A  second  well  was  begun  October  10  and  completed  December  15, 
1900.  Its  diameter  was  8  inches,  and  it  was  drilled  to  a  depth  of  202 
feet  The  supply  proved  ample,  and  is  used  in  the  public  buildings  of 
the  vicinity.  The  water  stands  135  feet  below  the  surface.  Good 
^ter  was  found  above  200  feet,  but  the  deeper  waters  are  reported  to 
be  brackish.  Another  well  was  begun  in  the  market  place  December 
15, 1900.     Still  others  have  been  described  under  water  supplies. 

A  well  on  a  proposed  site  for  a  military  post,  presumably  near 
Piierto  Principe,  is  given  in  the  reports  of  the  War  Department.  It 
was  8  inches  in  diameter  and  510  feet  deep,  the  water  rising  to  within 
8  to  12  feet  of  the  surface.  The  supply  is  reported  to  be  of  excellent 
qn&lity. 

Santiago. — The  army  officials  report  that  there  is  good  reason  to 
believe  that  an  abundant  supply  of  water  can  be  obtained  from  artesian 
wells  along  the  south  coast  of  Cuba  at  this  point.  An  examination  of 
the  San  Juan  Valley  shows  a  gathering  ground  with  slight  run-off,  the 
remainder  reaching  the  sea  by  subterranean  drainage.  It  has  been 
proposed  to  intercept  this  by  tunnels.  Some  of  the  shallow  wells 
obtain  large  flows,  but  unless  carefull}^  located  are  liable  to  become 
contaminated  by  seepage  from  the  surface.  One  well,  14  feet  in 
depth,  is  reported  to  have  so  large  a  flow  that  it  could  not  be  kept 
down  by  a  pump  of  500  gallons  capacity. 

Triffc&rftia.— An  8-inch  well  sunk  at  this  point  to  a  depth  of  401  feet 
obtained  only  a  limited  supply  of  water  more  or  less  impregnated 
with  salt  and  unfit  for  general  use. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 

United  States  Geological  Survey, 

WmhingUm,  D.  C,  May  4,  1904. 
Sir:  I  have  the  honor  to  transmit  herewith,  for  publication  in  the 
*ries  of  Water-Supply  and  Irrigation  Papers,  a  preliminary  report 
aescriptive  of  the  underground  waters  in  the  State  of  Washington, 
P'^pared  by  Mr.  Henry  Landes  under  the  direction  of  Mr.  N.  H. 
^^n,  geologist  in  charge  of  the  western  section  of  hydrology. 

It  U  believed  that  the  report  is  a  valuable  contribution  to  the  knowl- 
^  of  the  water  resources  of  the  State. 

Very  respectfully,  F.  H.  Newell, 

Ilydrographer  In  charge. 
Hon.  Charles  D.  Walcott, 

Director  Uuitad  States  Geological  Survey. 
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PRELIMINARY  REPORT  ON  THE  UNDERGROUND 
WATERS  OF  WASHINGTON. 


By  Henry  Landes. 


rNTRODUCnON. 

This  report  contains  a  brief  account  of  the  water  resources  of  Wash- 
iogton  as  represented  by  municipal  supplies,  deep  wells,  and  springs. 
For  each  county  a  general  statement  is  made,  giving  the  location,  rain- 
tall,  and  most  striking  features  of  topography  and  geology.  Following 
tbis  are  detailed  statements  which  give  data  concerning  the  municipal 
systems,  deep  wells,  and  springs,  and  which  have  been  secured  entirely 
by  correspondence.  The  blanks  sent  to  the  clerks  or  other  officials  of 
the  cities  and  towns  regarding  municipal  water  supplies  were  practi- 
cally all  filled  out  and  returned,  so  that  this  information  is  complete  to 
the  present  time.  The  blanks  for  the  deep  wells  were  jiot  returned  as 
generally  as  was  desired,  but  almost  every  section  of  the  State  where 
such  wells  occur  is  represented,  and  those  described  may  be  taken  as 
types  of  their  kind  in  each  county.  Springs  occur  so  very  generally 
throughout  the  State  that  only  a  small  f  inaction  of  them  may  be  said 
to  be  represented  in  the  blanks  filled  out  and  returned,  but,  as  in  the 
case  of  the  wells,  those  mentioned  are  typical  of  their  class,  and  it  is 
only  necessary  to  recall  that  the  number  given  in  every  county  may  be 
multiplied  many  times.  Every  effort  has  been  made  to  eliminate 
inaccuracies. 

No  general  statements  are  made  concerning  the  rainfall,  topography, 
and  geology  of  the  State  as  a  whole,  since  these  are  given  for  each 
county.  A  rainfall  map  is  included  in  order  to  show  at  a  glance  what 
the  precipitation  is  in  any  section,  also  the  contrasts  between  one  part 
of  the  State  and  another. 

ADAMS  COUNTY. 

Oeneral  statement. — Adams  County  lies  south  and  east  of  the  cen- 
tral part  of  the  State,  on  the  line  of  the  Northern  Pacific  Railway, 
between  C!olumbia  River  and  Spokane.  The  topography  is  that  of  a 
gently  sloping  plain,  descending  from  a  height  of  1,900  feet  in  the 
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northeast  comer  to  700  or  800  feet  in  the  southwestern  part  as 
Columbia  River  is  approached.  The  plain-like  character  of  the  sur- 
face is  modified  by  occasional  valleys  locally  known  as  "coulees." 
The  drainage  is  to  the  south  and  the  southwest,  toward  Snake  and 
Columl)ia  rivers.  Cow  Creek  is  the  principal  stream;  the  other 
streams  as  a  rule  are  intermittent  and  are  active  only  in  the  late  winter 
and  spring  mouths. 

This  county  lies  within  the  dry  region  of  central  Washington,  where 
the  precipitation  is  light  and  is  confined  to  the  winter  and  spring 
months.  In  the  western  half  of  the  county  the  average  yearly  rainfall 
is  10  inches  or  a  little  less,  while  in  the  eastern  half  it  is  from  10  to  15 
inches.  There  is  a  regular  increase  in  the  amount  of  rainfall  with  the 
increase  in  elevation,  and  hence  the  precipitation  is  greater  in  the 
northeastern  part  of  the  county  than  in  the  southwestern  portion,  and 
there  is  more  rain  in  uplands  than  in  the  valleys. 

The  Columbia  River  lava,  or  basalt,  is  the  principal  rock  in  Adams 
County.  It  forms  the  bed  rock  everywhere  except  in  the  southwest 
corner,  where  the  Ellensburg  beds,  composed  of  sands  and  clays,  appear. 
As  a  rule  the  rocks  arc  covered  with  a  thick  coating  of  soil,  the 
exceptions  being  the  valley  sides  and  occasionally  the  valley  bottoms* 
The  soil  is  fine  grained,  of  good  quality,  and  very  productive  when 
suppIi(Ki  with  the  proper  amount  of  moisture.  Grazing  and  wheat 
raising  are  (tarried  on  very  successfully  in  nearly  all  parts  of  the 
county. 

Despite  the  small  rainfall,  there  is  little  or  no  diflBculty  in  securing 
a  good  supply  of  water  for  domestic  purposes.  At  depths  of  from 
300  to  .500  ft'ot  wells  yield  large  quantities  of  good  water.  The 
water-bearing  strata  are  usually  layers  of  very  porous  or  cellular 
basalt.  Wherever  such  layers  outcrop  along  the  border  of  a  valley, 
springs  are  commonly  found. 

Municipal  /f?/.v// >///,v. — Ilitzville  is  the  only  town  in  the  county  reported 
as  having  a  water-supply  system.  The  water  is  obtained  from  a  well 
having  a  depth  of  885  feet.  In  this  way  a  supply  of  good  water  is 
secured.  The  water  level  in  the  well  does  not  vary  during  the  day  or 
year  and  is  not  affected  by  pimiping.  The  water  is  pumped  into  res- 
ervoirs and  is  distributed  by  gravity  throughout  the  town.  Beside^^ 
serving  as  a  domestic  supply,  the  water  is  used  in  irrigating  the  lawns 
and  gardens. 

Deep  wefls. — Besides  the  well  which  supplies  Ritzville,  another  deep 
well  has  been  drilled  at  the  same  place  by  the  Northern  Pacific  Railway 
Company.  This  well  has  a  diameter  of  8  inches  and  a  depth  of  355 
feet.  The  water  column  stands  at  a  height  of  about  240  feet.  There 
is  no  variation  in  the  water  level  during  the  day  or  year,  and  it  is 
affected  slightly  by  pumping.  It  is  used  by  the  railway  to  obtain 
water  for  locomotives. 
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At  CuDiiingham  a  well  has  been  drilled  by  Thomas  and  James 
(^Hair.  This  well  has  a  diameter  of  6  inches  and  a  depth  of  426  feet. 
The  water  column  stands  at  a  height  of  356  feet  and  remains  station- 
ary throoghout  the  year.  This  well  was  drilled  at  a  cost  of  $1,066. 
A  wind  pump  was  erected  at  a  cost  of  $290.  The  above  welb  serve 
as  a  type  for  those  of  Adams  County. 

Springs. — As  a  type  of  the  springs  found  in  Adams  County,  the  one 
owned  by  G.  W.  j^ssett,  near  Washtucna,  may  be  noted.  The  water 
issues  as  a  stream  from  the  honeycombed  or  porous  basalt,  and  varies 
bat  little  in  quantity  during  the  year.  It  is  sufficient  to  supply  the 
town  of  Washtucna,  and  some  of  it  is  used  for  irrigating  purposes 
as  well.  The  water  is  soft,  carries  no  sediment,  and  has  no  unpleasant 
tEste. 

Along  Cow  Creek,  a  tributary  of  Palouse  River,  in  the  eastern  part 
of  the  county,  there  are  a  number  of  good  springs. 

ASOTIN  COUNTY. 

General  statement. — Asotin  County  lies  in  the  extreme  southeast 
corner  of  the  State.  It  is  in  the  main  a  plateau  region,  deeply  dissected 
by  canyons.  The  higher  parts  of  the  plateau  have  an  elevation  of 
about  5,000  feet  above  sea.  The  canyon  of  the  Snake,  along  the  east- 
ern and  a  part  of  the  northern  boundaries  of  the  county,  has  a  depth 
of  3,000  to  4,000  feet.  Leading  into  the  larger  canyon  from  the 
southwest  are  the  smaller  canyons  of  Grande  Ronde  River  and  Asotin 
Creek. 

The  average  rainfall  is  25  inches  and  is  sufficient  to  afford  an  ample 
water  supply.  On  the  higher  parts  of  the  plateau  the  precipitation  is 
sufficient  to  produce  a  forest  growth  of  firs,  pines,  and  other  coniferous 
trees.  On  the  lower  parts  of  the  plateau  bunch  grass  grows  luxuriantly 
and  it  is  only  in  the  deep  valleys  that  irrigation  is  necessary. 

The  bed  rock  is  basalt,  except  in  occasional  instances  where  the 
streams  have  cut  through  the  lava  and  exposed  the  underlying  granites 
and  other  crystalline  rocks.  The  soil  is  very  thick  and,  since  it  is  of 
basaltic  origin,  is  of  good  quality. 

Only  in  the  valleys  has  the  county  been  settled  to  any  degree.  In 
the  deeper  valleys,  as  that  of  tlie  Snake,  irrigation  is  necessary  in 
order  to  produce  fruit,  vegetables,  and  other  products,  but  for  this 
purpose  there  is  an  ample  supply  of  water  at  hand.  Water  from 
Asotin  Creek  is  used  to  irrigate  a  large  area  of  flat  land  at  Clarkston, 
and  a  sagebrush  plain  has  been  converted  into  an  oasis  of  alfalfa 
nieadows,  fruit  orchards,  and  vegetable  gardens.  In  the  gravels  and 
sands  of  the  valleys  good  water  may  be  had  from  wells  that  vary  in 
depth  from  20  to  50  feet. 

Municipal  systems. — Asotin,  the  county  seat,  is  situated  on  Snake 
Biver  at  the  mouth  of  Asotin  Creek.     The  water  supply  of  the  town  ^ 
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comes  primarily  from  Asotin  Creek,  but  some  dependence  is  placed  on 
wells  and  cisterns.  The  creek  rises  in  the  Blue  Mountains  and  carries 
pure,  clear  water  without  any  contamination.  Besides  serving  as  a 
domestic  supply  the  water  is  used  for  the  irrigation  of  lawns  and  gar- 
dens. The  supply  is  sufficient  for  the  present  and  in  all  probability 
for  all  future  needs. 

Clarkston,  on  Snake  River  opposite  Lewiston,  also  gets  its  supply 
of  water  from  Asotin  Creek.  The  water  is  carried  by  a  flume  16  miles 
in  length  to  a  point  on  the  hillside  inmiediately  above  the  town  and 
from  there  is  distributed  by  pipe  lines.  At  present  this  forms  the  sole 
supply  for  the  town,  but  a  deep  well  is  being  bored  as  a  possible  addi- 
tional source  of  supply.  An  analysis  of  the  water  of  Asotin  Creek 
D\ade  by  Professor  Fulmer  at  Pullman  on  January  29,  1903,  showed 
6.18  grains  of  solid  matter  in  each  gallon  of  water.  The  solid  matter 
wjis  found  to  be  wholly  free  from  objectionable  qualities. 

Along  Snake  River,  especially  in  the  vicinity  of  Asotin,  are  a  number 
of  wells  which  range  in  depth  from  20  to  36  feet.  The  water  is 
obtained  from  gravel  and  sand  and  is  of  good  quality.  This  water 
supply  is  intimatel}^  connected  with  the  river,  as  the  water  in  the  wells 
and  in  the  river  is  always  at  the  same  level. 

CHEHAIilS  COUNTY. 

General  Btatement, — Chehalis  County  lies  on  the  western  border  of 
the  State,  fronting  the  Pacific  Ocean.  The  coast  line  here  is  irregular, 
the  most  marked  indentation  being  Grays  Harbor.  From  the  narrow 
b^lt  of  sand  dunes  along  the  coast  the  surface  rises  by  irregular  hills 
until  the  low  mountains  of  the  Coast  Range  are  encountered  on  the 
eastern  border  of  the  county.  Chehalis  and  Queniult  rivers  flow  in 
broad  valleys  from  east  to  west  across  the  county.  The  region  between 
these  streams  is  drained  by  Humptulips  River,  which  flows  south- 
west and  empties  into  Grays  Harbor. 

Along  the  coast  the  yearly  i*ainfall  averages  about  90  inches,  but 
inland  it  decreases  gradually,  dropping  to  65  inches  at  the  extreme 
eastern  edge  of  the  county.  Practically  the  whole  county  is  covered 
with  a  luxuriant  growth  of  vegetation,  the  only  exceptions  being  the 
small  areas  of  outwash  glacial  gravels,  commonly  known  as  "  prairies," 
where  but  few  trees  have  yet  begun  to  grow. 

The  rocks  of  Chehalis  County  as  far  as  known  are  of  Tertiary  age. 
Marine  Eocene  fossils  have  been  identified  at  Porter  and  Elma,  in  the 
eastern  part  of  the  county,  and  marine  Pliocene  fossils  have  been 
found  at  Granville,  at  the  mouth  of  Queniult  River.  The  Tertiary 
rocks  are  chiefly  clastic,  consisting  of  beds  of  clay,  sand,  and  gravel. 
Occasionally  they  contain  a  small  igneous  dike,  usually  of  basalt. 
Nearly  all  of  the  county  north  of  Gmys  Harbor  and  Chehalis  River 
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basbeen  glaciated,  and  the  glacial  till,  with  layers  of  sand  and  gravel, 
i8  very  thick. 

The  very  heavy  rainfall  yields  an  abundant  supply  of  water  for 
e7ery  purpose.  The  lakes  and  the  deep  porous  soil  are  great  storage 
reservoirs,  which  feed  the  streams  at  all  seasons  and  give  them  an 
even  flow.  The  only  contamination  is  due  to  the  decay  of  vegetal 
matter  in  the  streams  and  lakes.  In  the  glacial  sediments  and  in  the 
gravels  and  sands  of  the  river  valleys  excellent  water  may  be  had 
from  wells  of  moderate  depth.  It  is  not  likely  that  deep  wells  will 
ever  be  necessary  in  order  to  afford  a  supply  of  water  in  any  part  of 
the  county.  Since  the  sedimentary  rocks  above  mentioned  are  known 
to  be  folded,  it  is  possible  that  artesian  basins  have  been  formed,  within 
which  flowing  wells  may  be  secured  by  drilling. 

Municipal  systems, — Aberdeen,  at  the  head  of  Grays  Harbor,  gets 
its  supply  of  water  from  a  creek.  The  quantity  obtained  in  this  way 
is  hardly  suflScient  for  present  needs,  and  water  from  another  creek 
near  by  will  soon  be  used.  The  S3^stem  of  waterworks  used  is  that  of 
direct  pressure.  As  a  rule  the  wells  do  not  yield  good  water,  since 
in  digging  them  marine  deposits  of  mud  and  sand  are  penetrated. 

A  sanitary  analysis  of  the  Aberdeen  city  water  was  made  April  14, 
1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington,  with  the 
following  result: 

Analysis  of  water  from  city  well  at  Aberdeen. 

[Parts  per  million.] 

Total  soUda 75.69 

Volatile  solidB 12.50 

Nonvolatile  solids 63.19 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 090 

Nitrogen  as  free  ammonia None. 

Nitrogen  as  albuminoid  anmionia 021 

Oijrgen  oonsnmed 966 

Chlorine 6.50 

The  water  supply  of  Cosmopolis  is  obtained  chiefly  from  wells,  but 
in  part  from  some  creeks  owned  by  the  Grays  Harbor  Commercial 
Company.  From  the  creeks  to  the  town  a  gravity  system  of  water- 
works has  been  installed.  The  water  is  soft,  of  good  quality,  and  is 
ample  for  present  needs  and  probably  for  all  future  demands. 

Hoquiam,  on  Grays  Harbor,  secures  its  water  supply  from  the 
headwaters  of  Little  Hoquiam  River,  which  affords  a  supply  of  good 
water  sufficient  for  present  and  future  needs.  The  water  is  pumped 
into  a  reservoir  and  then  distributed  by  gravity.  Besides  serving  the 
domestic  demands  the  water  is  also  used  as  a  boiler  supply.  Practi- 
cally no  wells  are  used  in  the  city,  especially  in  that  part  which  is  sit- 
uated on  the  tide  flats. 

Montesano,  the  county  seat  of  Chehalis  County,  obtains  its  water 
Bopply  from  some  springs  nortii  of  the  city.    The  BuppVy  \&Brai&r 
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cient  for  the  present,  but  some  other  source  may  be  necessary  in 
the  future.  From  the  springs  the  water  flows  into  a  reservoir  and 
is  then  distributed  by  gravity.  The  water  is  of  good  quality  and 
there  are  no  sources  of  contamination.  In  Montesano  a  few  wells 
have  been  dug,  usually  about  35  feet  in  depth.  The  water-bearing 
stratum  is  gravel.  The  water  from  the  wells  is  good  and  may  be 
obtained  in  large  quantities.  The  water  level  varies  only  in  the  dry 
summer  months,  when  it  falls  somewhat 

Ocosta,  a  town  of  about  800  inhabitants,  on  the  southwest  shore  of 
Grays  Harbor,  obtains  a  town  supply  from  wells  and  springs.  The 
water  is  of  good  quality  and  ample  for  present  needs.  The  wells  have 
an  average  depth  of  50  feet  and  the  water  is  obtained  from  beds  of 
sand.  The  sand  is  overlain  by  clay,  so  that  there  is  no  contamination 
from  the  surface.  The  water  level  in  the  wells  is  somewhat  lower  in 
summer  than  in  winter. 

CHTKIiAN  COUNTT. 

Oem^'ol  stat^ftnent. — Chelan  County  lies  a  little  north  of  the  center 
of  the  Stat<».,  and  extends  from  the  summit  of  the  Cascade  Mountains 
southeast  to  Columbia  River.  The  topography  is  very  rugged,  since 
it  includes  some  of  the  most  broken  parts  of  the  Cascades.  From  the 
northwestern  border  of  the  county,  which  has  an  altitude  of  7,000  to 
8,000  feet,  the  surface  slopes  southeastward  to  the  Columbia,  where  the 
elevation  is  only  about  700  feet  above  the  sea.  The  streams  flow  in 
deep  valleys  or  amyons,  and  the  divides  are  very  sharp  and  lined  with 
rows  of  peaks.  There  are  three  prominent  drainage  S3'stems,  all  hav- 
ing nortlnvost-southeast  courses.  Beginning  at  the  north  these  are 
Steliekin  River  and  I^akc  CMielan,  Entiat  River,  and  Wenatchee  River. 

The  rocks  of  Chelan  County  are  mainly  granites,  gneisses,  schists, 
and  other  crystallines.  The  principal  exception  is  the  sandstone  of 
Eocene  age  in  the  southern  part  of  the  county.  The  sandstone  is  of 
lacustrine  origin  and  forms  a  belt  reaching  from  Wenatchee  to  Leav- 
enworth in  an  cast-west  course  and  from  the  southern  border  of  the 
county  northward  for  about  30  miles. 

The  rainfall  is  greatest  along  the  extreme  western  lx)rder,  or  in  the 
region  of  the  highest  mountains,  where  it  is  from  40  to  60  inches  a 
year.  In  the  descent  eastward  it  decreases  rapidly  until  in  the  valley 
of  the  Columbia  it  averages  but  15  inches  yearly.  In  the  mountains 
much  of  the  precipitation  is  in  the  form  of  snow,  and  along  the  summit 
of  the  Cascades  are  many  glaciers.  The  snow-fed  mountain  streams 
carry  an  abundance  of  the  purest  water,  and  in  all  parts  of  the  county 
is  an  excellent  water  supply.  On  the  alluvial  fans  and  terraces  along 
Columbia  and  Wenatchee  rivers  large  tracts  are  now  under  successful 
irrigation,  the  water  being  supplied  by  the  mountain  streams. 
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Municipal  systems. — ^The  town  of  Chelau  ha8  obtained  its  water  in 
part  from  springs  and  in  part  from  Lake  Chelan.  A  system  of  water- 
works is  now  being  installed  whereby  the  water  from  the  lake  will  be 
pumped  into  reservoirs  and  then  be  distributed  throughout  the  town 
by  gravity.  As  the  water  of  the  lake  comes  from  the  snow  fields  and 
streams  of  the  high  mountains,  and  is  not  contaminated,  it  is  exceed- 
ingly pure  and  healthful.  Bedsides  serving  as  a  domestic  supply,  a 
large  amount  of  water  will  be  used  for  irrigation  within  and  about 
the  town.  Repeated  efforts  have  been  made  to  obtain  water  from 
wells,  but  although  depths  of  100  feet  were  reached  no  successful 
wells  have  been  dug  on  the  town  site. 

Lakeside,  at  the  southern  end  of  Lake  Chelan  and  near  the  town  of 
Chelan,  has  in  the  past  depended  upon  wells  for  its  water  supply. 
Like  the  town  of  Chelan,  it  has  under  construction  a  system  of  water- 
works which  will  draw  the  supply  from  the  lake. 

Wenatchee,  the  county  seat  of  Chelan  County,  situated  on  Columbia 
Elver  at  the  mouth  of  the  Wenatchee,  obtains  its  supply  of  water 
from  a  creek  which  flows  out  from  the  Cascade  Mountains.  This  sup- 
ply is  sufficient  for  present  needs,  but  must  be  supplemented  by  some- 
thing better  in  the  future.  Besides  its  use  as  a  house  supply,  the 
water  is  extensively  used  for  irrigating  lawns,  gardens,  and  orchards. 
There  are  no  successful  wells  in  the  region  about  Wenatchee. 

Springs. — In  the  eastern  part  of  the  county  a  number  of  springs  are 
employed  for  domestic  supply  and  for  irrigation.  The  spring  owned 
by  George  Brisson,  which  may  be  regarded  as  a  typical  one,  issues 
as  a  stream  from  a  porous  basaltic  rock.  The  water  is  of  good  quality, 
carries  no  sediment,  remains  constant  for  the  most  part,  but  decreases 
somewhat  in  flow  in  the  autumn. 

CliAIiliAM  COUNTY. 

Genial  stateinent. — Clallam  County  lies  in  the  extreme  north- 
west corner  of  the  State,  and  has  a  frontage  on  both  the  Pacific  Ocean 
and  the  Strait  of  Juan  de  Fuca.  It  includes  the  northern  half  of 
the  Olympic  Mountains,  the  highest  peak  of  which.  Mount  Olympus, 
stands  on  the  southern  border  of  the  county.  The  Olympics  are 
nigged,  deeply  dissected  mountains,  and  rea^jh  outward  almost  to  the 
coast,  leaving  a  narrow  belt  of  hills  immediately  along  the  shore. 
This  belt  is  much  wider  along  the  Pacific  coast  than  along  the 
strait  The  highest  mountain  p^aks  are  from  6,000  to  8,000  feet 
above  the  sea. 

The  greatest  rainfall  in  the  State  is  at  Cape  Flattery,  where  the  aver- 
age for  the  year  reaches  100  inches.  From  this  point  eastward 
^e  precipitation  decreases  regularly,  until  at  the  eastern  border  of  the 
county  it  is  from  20  to  30  inches  per  year.    In  the  highest  mountains 
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much  of  the  predpitation  is  in  the  form  of  snow,  and  the  snow  fields 
and  glaciers  serve  as  reservoirs  from  which  the  streams  are  fed  daring 
the  sunmier  months.  The  great  abundance  of  pure  mountain  water 
wiU  not  only  serve  as  an  ample  supply  for  all  municipal  and  domestic 
requirements,  but  will  afford  excellent  water  power.  All  parts  of  the 
county  except  the  highest  mountains  are  densely  forest  clad^  and  the 
forests  are  eminently  helpful  in  retarding  the  run-off  and  equalizing 
the  flow  of  the  streams  from  season  to  season. 

In  a  belt  varying  from  10  to  20  miles  in  width,  extending  along  both 
the  north  and  west  coasts,  the  rocks  are  of  Tertiary  age  and  represent 
marine  sediments.  Eocene  or  Oligocene  fossils  have  been  identified 
along  the  Strait  of  Juan  de  Fuca  between  Twin  River  and  Gettysboig, 
and  fossils  that  are  probably  of  upper  Miocene  age  have  been  found 
near  the  mouth  of  the  Quillayute  River  on  the  west  coast.  The  Ter- 
tiary rocks  are  all  sedimentary,  consisting  chiefly  of  conglomerates, 
sandstones,  and  shales.  Within  these  rocks  a  good  supply  of  water 
mtLy  be  had  from  comparatively  shallow  wells. 

To  the  south  and  east  of  the  belt  of  rocks  above  mentioned,  within 
the  higher  Olympics,  the  rocks  consist  of  schists,  slates,  and  other 
metamorphics,  with  great  intrusions  and  extrusions  of  igneous  rocks. 
The  age  of  these  rocks  and  their  I'elations  to  the  sedimentaries  above 
descril>ed  have  never  been  determined.  Along  the  northern  border 
of  the  county  the  glacial  sediments  are  commonly  very  heavy,  and 
from  these  it  is  usually  easy  to  secure  good  water  by  means  of  wells 
from  20  to  40  feet  in  depth.  There  are  many  large  lakes  within  the 
county,  such  as  Ozette  and  Crescent,  which  are  reservoirs  of  the  pur- 
est water.  I^ake  Crescent  is  a  vcr}^  deep  lake,  at  the  border  line  of 
the  high  mountains,  with  water  of  extraoixlinary  blueness  and  purity. 

Mnnff'fjxf/  st/sf<'?fi^, — The  water  supply  of  Port  Angeles,  the  county 
seat  of  Clallam  C^ounty,  comes  in  part  from  wells,  but  in  the  main  is 
derived  from  Fmzer  C-reek,  which  is  a  small  sti'eam  rising  in  the 
Olympic  foothills  back  of  the  town  and  flowing  through  the  town  site. 
Alx)ut  one-half  of  the  water  of  the  stream  is  taken  out  in  pipes  and 
distributed  by  giuvity.  As  the  water  is  often  subject  to  contamina- 
tion, and  is  of  insuflBcient  quantity  for  the  future,  it  affords  a  some- 
what unsatisfactory  supply.  A  plan  is  on  foot  to  secure  water  from 
Little  River,  which  is  within  6  miles  of  the  city.  This  stream  rises 
in  the  snow  fields  of  the  Olympic  Mountains  and  carries  a  large  volume 
of  excellent  water.  The  wells  that  have  been  dug  about  Port  Angeles 
vary  in  depth  from  12  to  40  feet.  The  water-bearing  strata  of  sand 
and  gravel  are  ovf*rlain  by  cla}-,  which  prevents  contamination  from 
the  surface.  The  water  level  is  lowered  somewhat  in  the  smnmer 
months,  but  for  domestic  uses  the  wells  are  never  exhausted. 

Port  Crescent,  l(K*ated  on  the  Sti*ait  of  Juan  de  Fuca,  a  few  miles 
west  of  Port  Angeles,  secures  its  water  supply  mainly  from  wells,  but 
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to  a  limited  extent  from  a  small  lake.  The  wells  range  in  depth  from 
16  to  20  feet  Water  is  obtained  from  sandstone,  which  is  overlain 
by  a  thin  layer  of  soil.  The  water  rises  in  the  wells  to  within  a  few 
few  feet  of  the  surface,  and  the  level  is  scarcely  affected  by  pmnping. 

CliARKB  COUNTY. 

Oeneral  statement. — Clarke  County  is  situated  on  the  southwestern 
border  line  of  the  State,  having  Columbia  River  on  its  southern  and 
western  sides,  Cowlitz  County  on  the  north,  and  Skamania  County  on 
the  east.     From  a  low  plain  along  the  Columbia  the  surface  rises  grad- 
ually to  the  foothills  of  the  Cascades  until  the  northeastern  part  of  the 
county  is  reached,  which  presents  a  very  broken  appearance.    The 
principal  streams  are  the  North  and  South  forks  of  Lewis  River, 
Sahnon  River,  and  Washougal  River. 

The  yearly  rainfall  of  Clarke  County  varies  in  passing  from  west  to 
east,  but  it  may  be  said  to  average  about  50  inches.  The  precipitation 
is  nearly  all  in  the  form  of  rain,  the  elevation  above  sea  not  being 
8ufic*ient  to  produce  snow  to  any  marked  degree. 

The  bed  rock  is  mainly  basalt,  except  in  the  northeastern  portion  of 
tbe  county,  where  the  metamorphic  and  granitic  rocks  of  the  Cascades 
prevail.  The  weathered  basalt  affords  an  excellent  soil,  and  agricul- 
ture has  come  to  be  a  very  important  industry.  The  soil  has  formed 
to  such  a  depth  that  it  contains  a  good  water  supply,  and  surface  wells 
are  therefore  in  common  use.  Along  Columbia  River  are  broad 
puvel  terraces  from  which  large  quantities  of  water  are  obtained  by 
means  of  springs  and  wells.  The  springs  are  common  along  the  ter- 
race bases  and  often  yield  large  amounts  of  water.  The  wells  are 
from  25  to  75  feet  in  depth,  and  the  water-bearing  strata  are  usually 
overlain  by  clay,  so  that  surface  contamination  is  at  a  minimum. 

Municipal  systems, — Vancouver,  the  count}^  seat,  secures  its  water 
sappl}'  from  3  springs  and  2  wells.     The  amount  thus  obtained  is  suffi- 
cient for  present  needs,  and  doubtless  will  be  ample  for  some  time  to 
come.    There  are  no  sources  of  contamination,  and  the  water  is  of 
excellent  quality.     A  gravity  system  of  waterworks  is  used.    The 
wells  about  Vancouver  range  in  depth  from  30  to  75  feet.    The  water 
18  found  in  a  stratum  of  coarse  gravel,  which  is  overlain  by  clay. 
It  rises  to  within  25  feet  of  the  surface,  and  very  little  change  in  the 
level  is  noted  from  season  to  season.    The  water  level  is  affected  only 
to  a  slight  degree  by  pumping.     Besides  its  use  for  domestic  purposes, 
the  water  system  is  drawn  upon  for  fire  protection,  boiler  supply,  etc. 
An  analysis  of  the  water  showed  the  total  solids  per  gallon  of  water  to 
*>«  10.05;  organic  matter  per  gallon,  0.60;  hardness,  11.30. 

Springs. — Five  miles  east  of  Vancouver  are  3  springs  owned  by  the 
Vancouver  Waterworks  Company.    The  water  flows  out  in  streams 
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from  a  bt'd  of  gravel  which  outcropH  upon  a  hillside.  The  flow  varies 
slightly  at  different  time«,  but  is  about  1,750,000  gallons  daily.  The 
water  is  soft,  has  a  pleasant  taste,  and  carries  no  sediment. 

COL.UMBIA   COUNTY. 

General  stoUement. — Columbia  Countj'  lies  between  Wallawalla 
County,  on  tlie  west,  and  Garfield  County,  on  the  east,  and  reaches  from 
the  Oregon  lino  northward  to  Snake  River.  The  southern  part  of  the 
county  lies  within  the  broad  plateau  of  the  Blue  Mountains,  and  has  a 
height  of  from  4,000  to  5,0(X)  feet  above  the  sea.  The  northern  part 
is  a  region  of  high,  rolling  hills  and  deep  ravines.  Along  the  northen 
border  Snake  River  flows  in  a  canyon  that  has  a  depth  of  1,000  to 
1,500  feet. 

The  rainfall  varies  from  15  inches  a  year  along  Snake  River  to  25 
inches  in  the  central  and  southern  parts.  In  the  Blue  Mountains  it  Is 
sufficient  to  produce  a  forest  covering.  In  the  northern  pail  of  the 
county  the  bunch  grass  which  once  grew  so  luxuriantly'  is  fast  giving 
way  to  wheat  fields.  In  agriculture  irrigation  is  necessary  only  along 
the  benches  or  terraces  of  the  Snake,  where  there  are  many  fine  fruit 
and  alfalfa  ranches. 

As  far  as  known,  tliere  are  no  other  rocks  in  the  county  save  basalt 
Some  parts  of  the  basalt  are  very  vesicular  or  porous,  and  are  com- 
monly water  bearing.  In  digging  wells  an  ample  supply  of  good 
water  is  generally  found  within  50  feet  of  the  surface.  On  the  hill- 
sides, wherever  the  porous  basalt  outcrops,  springs  ma}-  occur,  and 
they  arc  in  connnon  use  as  domestic  water  supplies. 

Mu)ilc!jHd  Hysfems. — Dayton,  the  principal  town  and  the  county 
seat  of  Columbia  County,  obtains  its  water  supply  from  springs. 
These  alford  a  supply  w^hich  will  doubtless  be  ample  for  all  time  to 
come.  A  gravity  system  of  waterworks  is  used.  In  a  few  instances 
water  is  obtained  from  private  wells,  which  range  in  depth  from  25  to 
50  feet.  The  water  is  found  in  very  porous  layers  of  basalt.  In  the 
wells  the  water  level  varies  slightly  with  the  seasons,  but  is  not 
affected  to  any  appreciable  extent  by  pumping. 

Sjyrimjs. — Near  Dayton  are  the  springs  from  which  the  city  water 
supply  is  derived.  The  water  seeps  out  from  beds  of  gravel  at  the 
ba^e  of  a  hill.  The  amount  of  w^ater  varies  considerably  with  the 
season,  the  flow  being  reduced  in  the  dry  summer  months.  The  water 
is  soft,  and  no  deposit^  of  mineml  matter  or  sediments  are  found  about 
the  springs. 

COWLITZ  COUNTY. 

General  atattinent. — Cowlitz  County  is  situated  on  the  southwestern 
boundary  of  the  State,  north  of  Clarke  County  and  Columbia  River. 
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The  western  half  of  the  county  is  composed  of  low  irregular  hills  and 
broad  stream  valleys;  the  eastern  half  is  very  rough  and  broken,  since 
it  contains  the  foothills  and  outlying  spurs  of  the  Cascades.  The 
principal  streams  are  Cowlitz,  Toutle,  and  Ealama  rivers. 

The  annual  rainfall  varies  from  65  inches  on  the  western  margin  to 
60  inches  in  the  eastern  part.  Every  part  of  the  county  is  therefore 
well  watered  and  heavily  forested.  There  is  sufficient  water  in  the 
streams  to  supply  any  possible  municipal  demands.  On  the  terraces 
or  benches  of  the  larger  streams  good  water  is  secured  from  wells  at 
depths  between  15  and  50  feet. 

In  the  northern  and  western  parts  of  the  county  the  prevailing 

rocks  are  shales  and  sandstones  of  Eocene  age.     Along  Cowlitz  River 

these  rocks  are  coal  bearing,  and  in  the  neighborhood  of  Castle  Bock 

and  Kelso  coal  mines  have  been  in  operation  for  some  time.    The  soft 

coal  measures  have  readily  decomposed  at  the  surface,  and  upon  them 

is  a  residual  soil  mAuy  feet  in  thickness.     From  the  soil  or  the  porous 

rock  below  water  in  large  quantities  is  readily  obtained  by  wells  of 

moderate  depth.      In   the  southeastern  part  of   the  county,  in  the 

vicinity  of  Kalama,  the  usual  rock  is  basalt,  and  from  it  water  is 

secured  in  wells  averaging  25  feet  in  depth. 

Municipal  systeim. — Castle  Rock  obtains  its  water  supply  from  a 
stream  which  rises  in  the  foothills  east  of  the  town.  This  supply  is 
sufficient  for  the  present,  but  must  be  supplemented  in  the  future  by 
water  from  some  other  source.  The  water  is  brought  from  the  stream 
in  pipes  and  distributed  by  a  gravity  system.  The  wells  in  the  vicinity 
of  Castle  Rock  vary  in  depth  from  15  to  20  feet.  The  water-bearing 
material  is  gi-avel.  The  height  of  the  water  column  depends  upon  the 
stage  of  water  in  Cowlitz  River  near  by,  rising  and  falling  with  the 
river  level. 

fi[alama  obtains  its  water  by  a  gravity  system  from  two  creeks. 
The  supply  will  doubtless  have  to  be  increased  in  the  future.  The 
water  is  very  good,  the  only  contamination  being  from  a  small  amount 
of  decaying  vegetation.  A  few  wells  are  used  about  Kalama,  having 
an  average  depth  of  25  feet.  They  are  sunk  in  basalt  and,  as  contam- 
ination may  be  entirely  prevented,  the  water  is  very  good. 

DOUGIiAS  COUNTY. 

Oeneral  statement, — Douglas  County  is  situated  immediately  east  of 
the  central  part  of  the  State,  within  what  is  commonly  known  as  the 
"  Big  Bend  "  of  the  Columbia.  Its  surface  is  that  of  a  plateau,  broken 
by  the  Badger  Mountains  in  the  western  part  and  by  the  Saddle 
Mountains  in  the  southern  part,  and  sloping  gently  from  north  to 
south.  Along  its  northern  margin  the  plateau  has  an  elevation  of 
about  8,(X)<)  feet  above  sea  level,  which  decreases  to  less  than  1,000 
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feet  along  the  southern  border  of  the  county.  Within  the  plateau  are 
three  notable  canyons  or  deep  clefts,  namely,  the  present  valley  of 
the  Columbia,  and  Moses  and  Grand  coulees,  the  latter  doubtless  rep- 
resenting a  former  course  of  Columbia  River.  Several  small  creeks 
which  enter  Moses  Coulee  sink  in  the  sand  and  do  not  form  a  main 
stream.  In  Grand  Coulee  is  a  chain  of  lakes,  the  largest  being  Blue 
and  Moses  lakes.  Some  of  the  lakes  are  fresh,  but  the  majority  are 
alkaline. 

Douglas  County  lies  within  the  region  of  lowest  rainfall  in  the 
State.  In  the  northwestern  part  the  average  precipitation  for  the 
year  is  15  inches;  in  the  remainder  of  the  county  it  is  10  inches  or 
less.  The  precipitation  is  largely  in  the  form  of  snow,  especially 
where  the  elevation  is  greatest.  There  is  no  forest  growth,  and 
prairie  conditions  wholly  prevail.  In  the  highest  portions  of  the 
county  the  hunch  grass  grows  abundantly,  and  cattle  raising  is  an 
important  industry.  Here  also  wheat  may  be  grown  successfully, 
and  it  has  already  come  to  be  an  important  product.  In  the  southern 
part  of  the  county,  where  the  rainfall  is  least,  irrigation  must  be 
practiced  in  order  to  carry  on  agriculture. 

The  bed  roi'k  is  practically  all  basalt  except  a  narrow  fringe  of 
granite  which  is  exposed  in  the  canyon  walls  of  the  Columbia,  and 
some  granite  outcrops  in  the  northern  end  of  Grand  Coulee.  A  small 
area  of  early  Tertiary  sandstone  underlies  the  basalt  along  Columbia 
River  opposite  Wenatchee,  and  late  Tertiary  lake  beds  covering  a 
c()n.sideral)le  area  of  the  basalt  in  the  southern  part  of  the  county 
should  also  l)e  noted.  From  the  basalt  a  very  thick  and  tine-grained 
soil  has  been  formed,  which  retains  water  to  an  unusual  degree.  In 
this  way  enough  water  is  held  within  the  soil  after  the  winter  precipi- 
tation to  grow  and  mature  the  wheat  during  the  coming  spring  and 
summer.  Within  the  soil  or  the  porous  portions  of  the  basalt  below 
it  is  usually  not  difficult  to  secure  a  sufficient  supply  of  water  for 
house  and  farm  purposes.  Springs  are  more  or  less  common  through- 
out the  county,  more  particularly  at  the  bases  of  the  cliffs  along  the 
Columbia  and  the  coulees.  Springs  are  largely  the  sources  of  the 
lakes  mentioned  above. 

Mumcipal  systefns, — ^The  town  of  Wilsoncreek  depends  in  the  main 
upon  wells  for  its  supply  of  water,  but  a  small  stream  is  also  used  to 
some  extent.  The  supply  is  barely  sufficient  for  present  needs,  and 
another  source  must  l)e  sought  in  the  future.  While  some  of  the  wells 
have  soft  water,  the  others  are  slightly  alkaline.  They  range  in  depth 
from  12  to  54  feet.  The  more  shallow  wells  obtain  water  from  beds 
of  gravel,  while  the  deeper  wells  enter  the  bed  rock.  The  water  level 
in  the  wells  scarceh'  varies  from  season  to  season  and  is  not  ordinarily 
affected  by  pumping. 
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Grand  Coulee,  which  has  a  northeast-southwest  direction  across  the 
county,  was  in  a  former  time  occupied  by  Columbia  River.  Along 
the  course  of  the  coulee  there  is  now  a  chain  of  shallow  lakes,  some  of 
which  are  fresh,  but  the  most  of  them  are  alkaline.  The  following 
descriptive  matter  concerning  two  of  them  is  taken  from  Vol.  I,  of 
the  Annual  Report,  Washington  Geological  Survey,  for  1901. 

Moses  Lake,   which  lies  aboot  12  miles  southeast  of  Ephrata,   on  the  Great 

Northern  Railway,  is  aboat  IS  miles  long  and  a  mile  wide,  and  is  very  shallow. 

The  average  depth  is  approximately  20  feet.    It  lies  in  a  shallow  basin  with  low 

hanks,  so  that  a  rise  of  but  a  few  feet  would  inundate  a  large  section  of  country. 

The  water  is  unfit  for  drinking  purposes,  but  is  not  strongly  alkaline  and  could 

probably  be  use<l  in  irrigation.    The  section  of  country  in  which  these  lakes  are 

located  is  of  course  very  dry,  and  supports  only  a  scanty  vegetation.    Where 

there  is  water,  however,  the  soil  is  very  fertile.    The  lake  drains  a  large  area 

.1  -^     through  upper  Crab  Creek.    It  has  no  outlet,  but  across  its  foot  lies  a  low  range  of 

eand  hills  through  which  the  water  seeps  into  the  sources  of  lower  Crab  Creek,  which 

occapies  the  bed  of  the  canyon  below.    Along  this  canyon  lie  numerous  shallow 

ponds  which  dry  up  in  summer.  -  The  deposits  left  by  these  are  not  of  any  consider- 

tble  value,  though  they  contain  an  appreciable  quantity  of  borax. 

An  interesting  feature  of  Moses  Lake  is  the  fact  that  it  is  gradually  rising,  having 

lisen  about  10  feet  in  the  last  seven  years.     If  it  continues  to  rise  through  a  few  more 

feet  it  will  break  through  a  clear  course  into  lower  Crab  Creek  and  empty  into  the 

Columbia. 

The  analysis  of  the  water  of  Moses  Lake  is  as  follows.    The  analysis  is  by  H.  G. 

Knight: 

[Parts  per  thousand.] 

Total  solids 0.32367 

Volatile  solids 10095 

Nonvolatile  solids 22262 

Silica 01502 

Alumina  and  iron  oxide 0P331 

CWdum  carbonate 06236 

Magnesium  carbonate 07526 

Sodium  sulphate 01268 

Sodiom  chloride 01896 

Sodium  carbonate 10914 

More  interesting  is  the  so-called  Soap  Lake,  or  Sanitarium  Lake,  situated  about  6 
miles  north  of  Ephrata.  This  lake  is  so  called  because  it  is  so  strongly  alkaline  as  to 
be  soapy  to  the  touch,  and  when  a  strong  wind  blows  across  it  the  water  along  the 
shore  is  beaten  into  great  rolls  of  foam.  Fish  can  not  live  in  the  water,  nor  is  there 
any  vegetation  in  this  as  in  Moses  Lake.  The  water  is  used  for  bathing,  but  to  those 
not  accustomed  to  its  use  the  water  has  a  slightly  caustic  or  irritating  effect.  It  is 
also  claimed  that  it  is  useful  medicinally.  There  is  much  of  peculiar  interest  about 
the  lake.  It  is  about  21  by  three-fourths  miles  in  extent  and  is  very  deep  in  places 
and  probably  averages  about  40  feet  It  drains  only  a  very  small  area  of  country 
and  has  neither  inlet  nor  outlet  in  the  form  of  streams.  It  is  located  in  a  deep  basin 
walled  to  the  height  of  100  feet  or  more  on  the  east  and  west  by  cliffs  of  black 
haaalt  The  land  to  the  north  and  south  rises  slowly;  on  the  south  to  nearly  the 
height  of  the  cliffs,  but  on  the  north  the  rise  is  so  slight  that  should  the  lake  rise 
15  feet  it  would  empty  into  the  next  of  the  chain  of  lakes  to  the  north.  The  source 
of  the  water  of  the  lake  is  said  to  be  a  spring  in  the  center.    The  Indians  of  the 
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neighborhood  assert  that  only  a  few  yean  sinoe  the  lake  was  very  small  and  wis 
fed  by  this  strongly  alkaline  spring.  Fresh  water  is,  however,  continually  seeping 
in  from  the  shores,  as  is  shown  by  the  fact  that  fresh- water  wells  may  be  sunk  even 
but  a  few  feet  from  the  shore,  and  that  the  cattle,  disliking  the  strongly  alkaline  water, 
face  the  shore  to  obtain  the  sweeter  seepftge. 
The  analysis  of  the  water  is  as  follows: 

[Parts  per  thouamd.] 

Potassium  carbonate 51177 

Lithium  sulphate Trace. 

Phosphorus  pentoxide 12018 

Carbon      dioxide      (semicom- 

bined) 1.37(m 

Borax None. 

Iodine None. 

Free  ammonia 03400 

Albuminoid  ammonia 1. 1060 

The  specific  gravity 1.0260 


Total  solids 28. 

Volatile  solids 62503 

Nonvolatile  solids 27. 64186 

Silica 12816 

Alumina  and  iron  oxide Trace. 

Calcium  sulphate Trace. 

Calcium  carbonate Trace. 

Magnesium  sulphatt' 39099 

Sodium  sulphate 6.34872 

Sodium  chloride 5. 81384 

Sodium  carbonate 14.08901 


FBANKXIK  COTTNTT. 

Oeneral  statement. — Franklin  County  lies  between  Walla  walla  County 
on  the  south  and  Adams  County  on  the  north,  with  Columbia  Elver 
as  its  western  boundary.  The  surface  is  that  of  a  plain,  sloping  gently 
toward  Columbia  and  Snake  rivers.  In  the  northwest  corner  of  the 
county  the  plain  is  about  300  feet  above  the  surface  of  the  Columbia, 
giving  rise  to  the  cliffs  along  the  stream  known  as  the  White  Blufls. 
In  the  eastern  part  of  the  county  the  plain  rises  to  a  height  of  300  to 
400  feet  above  the  level  of  the  Snake.  Near  the  confluence  of  the  two 
rivers  the  plain  decreases  in  elevation  and  the  banks  of  the  streams  are 
but  a  few  feet  in  height. 

The  average  rainfall  is  about  10  inches  a  year.  This  will  not  admit 
of  any  forest  growth  and  scarcely  permits  of  the  growth  of  bunch 
grass.  Agriculture  may  be  carried  on  only  where  irrigation  is  pos 
sible.  Irrigated  tracts  along  the  rivers  yield  very  line  returns  in 
alfalfa  and  fruit. 

In  the  western  part  of  Franklin  County  the  outcropping  rocks  are 
thin  beds  of  sand  and  clay,  with  layers  of  volcanic  dust,  which  repre- 
sent Miocene  lacustrine  sediments.  Such  deposits  at  one  time  may 
have  covered  the  entire  county,  but  in  the  eastern  portion  basalt  alone 
now  appears.  At  a  number  of  places  successful  wells  have  been  drilled 
in  the  basalt,  the  water  being  found  in  the  more  porous  or  vesicular 
parts  of  the  rock.  The  depth  of  the  wells  varies  from  about  200  to 
nearly  700  feet.  It  is  evident  that,  in  advance  of  drilling,  the  depth  at 
which  water  will  be  found  is  conjectural.  In  the  western  part  of  the 
county  a  well  is  now  being  drilled  in  the  sedimentary  rocks  noted 
above. 
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Deep  wdls. — ^W.  T.  Braden,  living  at  Connell,  completed  a  deep 
well  in  September,  1902.  The  well  is  located  in  a  canyon,  and  its 
mouth  has  an  elevation  above  the  sea  of  840  feet.  It  has  a  diameter 
of  5  inches  and  a  depth  of  676  feet.  The  well  is  cased  from  the  surface 
to  solid  rock,  a  distance  of  100  feet.  The  water  rises  in  the  well  about 
36  feet  and  is  brought  to  the  surface  by  a  wind  pump.  The  tempera- 
ture of  the  water  when  brought  to  the  well  mouth  is  51°  F.  The 
water  level  does  not  vary  during  the  day  or  year  and  is  not  affected 
by  pumping.  The  cost  of  the  well,  including  the  pumping  machinery, 
was  about  $3,000. 

There  are  several  firms  making  a  business  of  drilling  wells  in  Franklin 
County,  the  most  prominent  of  which  is  the  Reinbolt  Well  Drilling 
Company.  A  few  of  the  wells  drilled  by  this  company,  with  their 
depths,  are  here  given:  H.  W.  Brummond,  410  feet;  John  Finkbiner, 
485  feet;  John  L.  Wordheim,  212  feet;  Connell  Land  and  Improve- 
ment Company,  243  feet;  William  Fisch,  265  feet;  William  Elgin, 
m  feet;  Charles  Schelley,  487  feet. 

Springs. — A  number  of  springs  are  known  to  exist  in  the  eastern 
part  of  Fi-anklin  County,  although  but  a  few  of  these  have  been 
reported.  These  springs  are  oftentimes  the  sources  of  supply  for 
small  lakes  which  have  no  outlets. 

JEFFERSON  COUNTY. 

General  statement. — Jefferson  County  is  situated  in  the  north- 
western part  of  the  State,  between  Clallam  County  on  the  north  and 
west  and  Chehalis  and  Mason  counties  on  the  south,  and  extends  from 
Puget  Sound  to  the  Pacific  Ocean.  Topographically  the  surface  pre- 
sents a  great  diversity.  The  county  contains  the  most  rugged  por- 
tions of  the  Olympic  Mountains,  the  only  areas  that  are  comparatively 
level  being  in  the  northeastern  part,  within  a  few  miles  of  the  shores 
of  Puget  Sound.  This  is  the  only  part  of  the  cx)unty  inhabited  to 
any  degree,  there  being  no  inhabitants  within  the  Olympics  and  but 
very  few  west  of  the  mountains  along  the  Pacific  coast. 

The  rainfall  along  the  western  coast  averages  over  85  inches  a  year. 
It  decreases  steadily  eastward  and  is  less  than  20  inches  in  the  vicinity 
of  Port  Townsend.  The  district  east  of  the  Olympics  has  a  low 
rainfall  because  the  high  mountains  divert  to  some  degree  the  rain- 
laden  westerly  winds.  Within  the  Olympics  are  several  glaciers  and 
snow  fields  which  feed  the  streams  during  the  rainless  months  of 
sonuner. 

The  band  of  Tertiary  rocks  which  encircles  the  Olympic  Mountains 
outcrops  in  both  the  eastern  and  the  western  parts  of  the  county. 
The  rock  series  is  composed  chiefly  of  conglomerates,  sandstones,  and 
shales,  and  without  doubt  contains  large  quantities  of  water  whiot 
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.can  be  secured  by  means  of  wells.  The  bed  rock  just  mentioned  is 
often  deeply  buried  by  glacial  sediments,  which  are  important  reservoirs. 
Municipal  fry  stems. — ^Port  Townsend  obtains  its  water  supply  from 
driven  and  dug  wells  owned  by  the  Spring  Valley  Water  Companj. 
From  these  wells  250,000  gallons  per  day  are  obtained  by  pumping. 
This  supply  is  hardly  sufficient  for  present  needs,  and  a  gravity  system 
from  some  stream  coming  out  of  the  Olympic  Mountains  is  in  contem- 
plation. The  water  in  use  at  present  is  of  good  quality.  The  wells  do 
not  enter  bed  rock,  the  water-bearing  materials  being  sand  and  gravel. 
A  heavy  bed  of  clay  which  lies  above  the  sand  and  gravel  prevents 
contamination.  An  analysis  of  the  Port  Townsend  water  is  given 
l>elow: 

Analyns  of  water  from  Port  Ibwnamd,  Wash. 
[QndDB  per  gallon.] 

Silica 1.255 

Alumina  and  iron  oxide 1^ 

Caloiuin  carbonate 16. 731 

Magnefliuni  carbonate 6. 987 

Magnefiium  cliloride 11.  IJOO 

Calcium  sulphate 1.^ 

Sodium  and  potassium  chlorides 29.236 

Sodium  and  potansium  carbonates 1.531 

Total  solids 68.912 

Port  Ludlow  obtains  its  water  supply  from  a  small  creek.  The  water 
is  soft,  of  good  quality,  and  sufficient  for  all  probable  future  needs. 
A  gravity  system  of  waterworks  is  used.  The  water  is  drawn  upon 
for  a  boiler  supply  for  the  Port  Ludlow  mills  as  well  as  the  domestic 
Mipply  for  the  town. 

KING  COUNTY. 

(jeneral  ntaUinent. — King  County  is  situated  west  of  the  center  of 
the  Stat<*.  and  extends  from  the  summit  of  the  Cascades  westward  to 
l\i^et  Sound.  It  lies  lH>tween  Snohomish  County  on  the  north  and 
Pierce  County  on  the  south.  Along  the  shores  of  the  sound  the  sur- 
face is  that  of  a  plain,  rising  to  a  height  of  about  300  feet  above  the 
sea;  east  of  the  plain  are  hills  and  ridges,  the  latter  having  in  general 
a  noith-south  direction;  immediately  east  of  this  belt  are  the  moun- 
tains, rising  from  a  height  of  about  3,000  feet  along  their  western 
border  to  an  average  height  of  t>,000  feet,  when  the  summit  line  iii 
reached.  The  mountains  are  deeply  dissected  by  the  several  forks  of 
Snoqualmie,  Cedar,  Green,  White,  and  other  rivers. 

The  annual  rainfall  varies  from  40  inches  along  the  shores  of  the 
sound  to  more  than  60  inches  within  the  mountains.  About  the  sound 
practically  all  of  the  precipitation  is  in  the  form  of  rain,  but  with 
increase  in  elevation  the  snowfall  becomes  important,  and  in  the 
higher  mountains  the  amount  of  snow  falling  each  year  is  very  large. 
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The  presence  of  snow  and  glaciers  has  an  important  bearing  on  the 
run-off  of  the  streams  from  season  to  season.    Apart  from  its  value 
as  sources  of  municipal  supply,  the  movement  of  so  much  water  from 
higher  to  lower  levels  is  productive  of  great  power.     Already  the 
water  power  of  the  cataracts  and  falls  is  being  hamjBssed  for  the  use 
of  man.     At  Snoqualmie  Falls,  25  miles  east  of  Seattle,  a  plant  has 
been  installed  which  develops  a  total  of  10,000  horsepower.     Snoqual- 
mie River  at  this  point  has  a  vertical  drop  of  270  feet,  with  a  flow  of 
about  1,000  second-feet  during  the  driest  season  and  about  ten  times 
as  much  during  the  periods  of  high  water. 

The  strata  which  outcrop  about  the  sound  and  eastward  for  a  dis- 
tance of  about  25  miles  are  mainly  clastic  rocks  of  early  Tertiary  age. 
At  many  places  they  are  coal  bearing,  and  important  coal  mines  have 
been  developed  at  Black  Diamond,  Franklin,  Palmer,  Renton,  New- 
castle, Issaquah,  and  elsewhere.  East  of  the  Tertiary  sediments  are 
the  metamorphic  and  igneous  rocks  of  the  Cascades,  which  in  King 
County  at  least  are  virtually  unstudied.  In  the  vicinity  of  the  sound 
bed  rock  outcrops  but  rarely,  being  covered  by  a  heavy  mantle  of 
jdacial  sediments.  At  many  places  this  mantle  is  known  to  be  more 
than  500  feet  in  thickness.  The  glacial  sediments  comprise  beds  of 
till,  with  stratified  sand,  gravel,  and  clay.  From  the  layers  of  sand 
and  gravel  which  are  interstratified  with  the  till  an  abundant  supply 
of  good  water  is  generally  obtained.  The  wells  are  usually  shallow, 
it  being  rarely  necessary  to  go  deeper  than  40  feet.  Springs  are  very 
common  about  the  bases  of  the  hills  or  upon  the  hillsides  where  the 
water-bearing  gravels  and  sands  outcrop. 

Municijxil  systems. — The  town  of  Auburn  obtains  its  water  supply 
chiefly  from  wells,  which  vary  in  depth  from  40  to  50  feet.  The  wells 
are  sunk  in  the  alluvium  of  the  White  River  Valley,  the  water-bearing 
materials  being  sand  and  gravel.  In  no  instance  has  bed  rock  been 
reached.  In  some  instances  shallow  wells  have  been  used  for  a  little 
time,  but  in  these  the  water  is  not  good.  The  water  from  the  deeper 
wells  is  soft,  is  not  contaminated,  and  is  obtained  in  ample  quantity, 
in  some  instances  rising  to  the  surface.  No  other  supply  of  water  for 
drinking  purposes  is  contemplated,  but  it  is  likely  that  water  for  fire 
protection  will  be  obtained  from  White  River. 

The  city  of  Ballard  obtains  about  300,000  gallons  of  water  daily 
from  springs  and  deep  wells,  about  half  from  each  source.  The 
wells  are  the  more  satisfactory.  While  this  amount  is  ample  for 
present  needs,  it  will  not  be  suflScient  in  the  course  of  time  if  the  city 
continues  it«  rapid  growth.  It  is  very  likely  that  in  the  near  future 
the  supply  for  Ballard  will  be  secured  from  the  Cedar  River  system 
owned  by  the  city  of  Seattle.  The  surface  wells  in  Ballard  have 
depths  of  12  to  20  feet,  but  the  wells  used  for  the  municipal  supply 
average  about  160  feet  in  depth.    For  the  most  part  they  penetiute 


S4  ITNDERGROUND   WATEM   OP   WASHINGTON.  [no.  111. 

glacial  till  or  hardpan,  the  water-bearing  strata  being  beds  of  sand  aod 
gravel.     The  system  of  waterworks  is  direct  pressure. 

A  sanitary  analysis  of  water  from  one  of  the  deep  wells  in  Ballard, 
made  by  Prof.  H.  (t.  Byers,  of  the  University  of  Washington,  is  as 
follows: 

Sanitary  analyaiit  of  scoter  from  deep  ^vdl  at  Baliard, 

[Parte  per  million.] 

Total  solids 166.66 

Oxygen  consumed 2.69 

Chlorine 5.50 

Nitrogen  as  free  ammonia 874 

Nitrogen  as  albuminoid  ammonia 100 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 320 

The  municipal  supply  of  water  for  Columbia  City  is  obtained  from 
Seattle.  A  few  private  wells  are  in  use  having  an  average  depth  of 
30  feet.  They  penetrate  glacial  deposits  only  and  from  them  water 
of  good  quality  is  obtained. 

Water  for  the  town  of  Enumclaw  is  furnished  from  the  system  of 
the  White  Kiver  Lumber  Company.     The  water  comes  from  streams 
flowing  out  from  the  Cascade  Mountains,  and  as  there  are  no  sources 
of  contamination  it  is  of  excellent  quality.     A  gravity   system  of 
waterworks  has  been  installed.     It  is  possible  that  in  the  future  the  town 
supply  may  bo  taken  from  some  springs  located  about  4  miles  away. 
The  sprinf(s  arc  at  a  height  of  about  270  feet  above  that  of  the  town. 
A  few  wells  are  in  use  about  Enumclaw,  which  have  an  average  depth 
of  30  feet.     The  wells  are  dug  in  glacial  sediments,  a  till  or  hardpan 
lying  above,  with  sand  and  gravel  below.     The  wells  aflford  excellent 
water,  the  flow  rising  to  the  surface  in  the  wet  season. 

The  water  supply  for  Issaquah  is  furnished  by  the  Gilman  Water 
Company,  which  owns  large  springs  near  the  town.  The  water  is  of 
good  (juality,  there  being  no  sources  of  contamination  except  possibly 
a  little  decaying  vegetable  matter.  The  water  is  conducted  through 
the  town  by  a  gmvity  system.  The  few  private  wells  in  Issaquah 
range  in  depth  from  20  to  30  feet,  the  water  coming  from  a  stratum 
of  loose  gravel.  A  large  quantity  of  water  may  be  obtained  in  this 
way,  since  it  rises  almost  to  the  surface  and  is  not  affected  by  pumping. 
North  of  the  town,  toward  Lake  Sammamish,  wells  from  60  to  90 
feet  in  depth  have  been  driven,  from  which  there  is  a  continuous  flow. 
The  water  rises  from  3  to  10  feet  above  the  surface. 

The  town  of  Kent  gets  its  supply  from  springs  which  yield  water  of 
excellent  quality.  While  the  springs  now  dniwn  upon  afford  a  supply 
for  present  needs,  the  product  of  other  springs  near  by  will  be  drawn 
upon  in  the  future.  From  the  springs  the  water  is  carried  through- 
out the  town  by  a  gravity  system.     In  the  region  about  Kent  good 
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water  may  be  obtained  by  means  of  driven  wells.  The  wells  when 
driven  to  a  depth  of  200  feet  are  artesian  in  character,  the  water 
rising  about  6  feet  above  the  surface. 

Water  for  Renton  is  obtained  from  a  spring  situated  near  the  town 
limits  and  at  a  height  of  320  feet  above  the  level  of  the  town.  The 
spring  belongs  to  the  Seattle  Electric  Company,  but  the  town  has  a 
lease  upon  it  for  fifty  years.  The  spring  supplies  120,000  gallons  of 
water  daily,  and  should  this  not  be  sufficient  for  future  needs  water 
may  be  obtained  from  other  springs  or  from  Cedar  River,  which  flows 
through  the  town.  The  water,  besides  being  used  for  domestic  pur- 
poses, affords  fire  protection  and  furnishes  the  necessary  Iwiler  supply 
for  a  coal  mine  and  a  brickyard.  The  private  wells  in  use  in  Renton 
are  mostly  shallow,  ranging  in  depth  from  10  to  25  feet.  Only  one 
enters  rock,  the  others  obtaining  water  chiefly  from  the  gravels  of  the 
Cedar  River  flood  plain. 

The  city  of  Seattle  obtains  its  supply  of  water  from  Cedar  River 
and  Cedar  Lake.  The  source  of  supply  is  in  the  Cascade  Mountains, 
the  water  coming  to  the  reservoir  directly  from  the  snow  fields.  The 
water  is,  therefore,  soft,  clear,  and  of  superior  quality.  The  city 
owns  Cedar  Lake  and  a  large  portion  of  Cedar  River.  The  available 
water  supply  averages  about  600,000,000  gallons  per  day.  There  are 
now  piped  to  the  city  22,600,000  gallons  daily.  Other  supply  mains 
will  be  constructed  whenever  they  are  found  to  be  necessary. 

A  sanitary  analysis  of  the  city  water  of  Seattle,  made  by  Prof. 
H.  G.  Byers,  of  the  University  of  Washington,  on  Apiil  27,  1901, 
gave  the  following  results: 

Sanitary  analynx  of  city  water  of  Seattle. 

[Parts  per  mDlion.] 

Total  flolidfl 36.49 

Oxygen  consumed 1. 26 

Chlorine 1.60 

Nitrogen  as  free  ammonia 008 

Nitrogen  as  albuminoid  ammonia Trace. 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates , None. 

West  Seattle  obtains  water  from  private  wells  and  from  some  springs 
owned  by  the  West  Seattle  Land  and  Improvement  Company.  The 
water  is  pumped  into  tanks,  from  which  it  is  distributed  by  gravity. 
The  supply  even  at  the  present  time  can  hardly  be  said  to  be  sufficient, 
and  it  is  likely  that  arrangements  will  soon  be  made  whereby  water 
may  be  obtained  from  the  Seattle  system.  The  wells  about  West 
Seattle  range  in  depth  from  30  to  75  feet,  water  being  most  commonly 
found  at  about  50  feet.  The  wells  are  dug  entirely  in  glacial  material, 
mostly  sand  and  gravel. 
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Springs. — Near  the  town  of  Berlin,  in  the  northeastern  part  of  the 
county,  there  is  a  mineral  spring  owned  by  the  Everett  Bottling 
Works.  The  water  flows  out  as  a  stream  from  the  base  of  a  mountain 
of  granitic  rock.  The  flow  is  uniform  from  season  to  season.  The 
quantity  flowing  has  never  been  measured.  The  water  has  a  taste  of 
soda.  No  improvements  of  any  character  have  been  made  at  the 
spring,  and  so  far  no  use  has  been  made  of  the  water.  It  is  probable 
that  in  the  near  future  a  hotel  will  be  built  at  the  spring  and  other 
improvements  made. 

An  analysis  of  water  from  the  Berlin  springs,  made  by  H.  G.  Knight, 
of  the  University  of  Washington,  is  as  follows: 

Analysis  of  water  from  Berlin  springs. 

[Parts  per  thoimuid.] 

Solids,  nonvolatile 0.5473 

Silica 0078 

Alamina  and  iron  oxide 0150 

Calcium  salphatc 0529 

Calcium  carbonate 5627 

Magnesium  chloride 1693 

Magnesium  sulphate 0935 

Sodium  sulphate 9331 

Potassium  chloride .". 0267 

Carbon  dioxide 1.4720 

Near  the  town  of  Issaquah,  at  the  head  of  a  short,  deep  valley,  is  a 
large  spring  from  which  the  water  supply  for  the  town  of  Issaquah  is 
taken.  The  flow  has  not  been  measured,  but  there  is  suflScient  water 
for  a  town  of  1,000  inhabitants.  The  water  is  very  clear,  cold,  aind 
has  a  pleasant  taste.  It  issues  as  a  stream  from  a  bed  of  gravel. 
No  improvements  have  been  made  at  the  spring,  and  none  are  con- 
templated.    The  spring  is  owned  by  the  Gilman  Water  Company. 

Along  the  valley  side,  at  the  base  of  a  steep  hill  near  Kent,  is  a 
largo  spring  from  which  the  town  supply  of  water  is  largely  taken. 
The  daily  flow  varies  from  500,000  gallons  in  winter  to  360,000  gallons 
in  summer.  The  water  is  not  appreciably  charged  with  minerals,  and 
is  very  clear  and  cold  when  it  leaves  the  spring.  It  issues  as  a  stream 
from  a  bed  of  gravel  which  is  a  part  of  the  glacial  sediments.  At  the 
spring  a  reservoir  is  now  being  built  for  storage  pui'poses. 

The  Great  Northern  Hot  Springs  are  located  near  Madison,  in  the 
northeast  corner  of  the  county.  Near  the  Great  Northern  Railwaj', 
a  mile  from  the  springs,  the  Hot  Springs  Hotel  has  been  built,  with 
accommodations  for  50  guests.  The  water  is  piped  to  the  hotel,  where 
it  is  used  for  drinking  purposes  and  for  baths.  The  water  has  been 
found  to  be  very  helpful  for  rheumatism  and  for  kidney  diseases. 
The  water  seeps  out  from  the  talus  rock,  and  has  a  temperature  of 
122^  F. 
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The  following  analysis  of  water  from  the  Great  Northern  Hot 
Springs  was  made  by  C.  Osseward,  chemist  for  the  Stewart  &  Holmes 
Drug  Company,  Seattle: 

Analysis  ofwaUrfrom  the  Great  Northern  Hot  Springs. 

[(trains  {ht  gallon.] 

Total  solids 9. 9 

Chlorine 87 

Iron 76 

lime 2.33 

Magnesia 1.1 

Silica 1.34 

Sodium 1.63 

PotawBium 34 

Sulphuric  anhydride 62 

Ammonia 00058 

On  a  hillside  near  Renton  there  is  a  spring  issuing  from  a  bed  of 

\    gravel.     The  flow  is  about  120,000  gallons  daily.     The  quantity  varies 

[    with  the  season,  being  about  one-fourth  less  in  a  very  dry  season  than 

■     in  a  wet  one.     The  water  does  not  carry  any  sediment,  is  very  clear, 

and  has  a  pleasant  taste.     It  is  used  as  a  town  supply  by  Renton. 

KITSAP  COUNTT. 

General  statement. — Kitsap  County  is  situated  east  of  Jefferson  and 
Mason  counties,  west  of  King  County,  and  north  of  Pierce  County. 
It  is  almost  surrounded  by  the  arms  or  inlets  of  Puget  Sound.  With 
the  exception  of  a  range  of  hills  in  the  southwestern  part  of  the  county, 
along  Hood  Canal,  the  surface  is  that  of  a  plain  lying  but  little  above 
the  sea.  The  coast  line  is  very  deeply  indented  and  irregular,  abound- 
ing in  fine  bays  and  harbors. 

The  rainfall  gradually  decreases  from  60  inches  per  year  in  the 
southwestern  part  to  30  inches  in  the  northeastern  part.  It  is  suffi- 
cient to  give  rise  to  the  very  many  small  streams  which  are  to  be 
found  throughout  the  countj'  and  also  to  produce  a  very  dense  forest 
growth. 

Over  the  major  portion  of  Kitsap  County  the  mantle  of  glacial  sedi- 
ments is  very  heavy,  so  that  the  bed  rock  does  not  often  appear  at  the 
surface.  The  wells  for  the  most  part  penetrate  the  glacial  materials 
only,  and  from  the  latter  a  satisfactory  supply  of  good  water  is  obtained. 
As  elsewhere  within  the  glaciated  area,  springs  are  very  common  and 
are  often  utilized. 

Municipal  systems. — Bremerton  obtains  its  water  supply  to  a  limited 
degree  from  wells,  but  for  the  most  part  from  a  stream  which  is  fed 
by  springs.  In  this  way  is  o])tained  a  supply  of  very  good  water, 
which  ia  free  from  any  contamination.    The  quantity  will  b^  «X!i\&i^ 
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for  a  long  time  to  come.  Gravity  is  the  system  employed.  The  pri- 
vate wells,  as  a  rule,  are  shallow  and  are  sunk  altogether  in  glacial 
till,  the  watc^r  flowing  from  intercalated  l>eds  of  sand  and  gravel. 

An  analysis  of  water  from  a  spring  near  Bremerton,  made  hy  H.  G. 
Knight,  of  the  Tniversity  of  Washington,  is  as  follows: 

Analpsif  of  wnter  from  spring  near  Bremerton. 

[Parts  per  thoiiKand.] 

Noiivolatili*  Holulfl 0. 45m 

Silitra 01.W 

Alaniina  and  iron  oxidefl 047W 

Calcium  sulphate 0463S5 

Magnesium  chloride O4008 

Magnesium  sulphate 07790 

Sodium  sulphate 23686 

Lithium  sulphate 02128 

The  source  of  supply  for  Charleston  is  found  in  some  springs  and 
creeks  west  and  south  of  the  town.  From  thest^  the  water  is  carried 
to  the  town  in  wooden  pipes.  It  is  of  good  quality,  and  a  quantity 
ample  for  present  and  future  needs  is  easily  obtained.  The  private 
wells  about  Charleston  ninge  in  depth  from  20  to  150  feet.  These 
wells  have  been  put  down  in  glacial  sediments  and  the  water  level 
rises  and  falls  with  the  tide  in  the  inlet  near  by. 

The  water  supi)ly  for  Port  Blakeley  comes  primarily  from  a  stream 
in  the  adjoining  hills.  A  reservoir  has  Iwen  made,  and  from  this,  bv 
means  of  gnivity,  the  water  is  conducted  to  the  town.  There  is  a  cer 
biin  amount  of  decaying  vegetable  matter  in  the  reservoir,  and  thi 
causes  some  contamination  of  the  water;  otherwise  the  water  is  good 
and  suflicient  in  (luantity  to  serve  the  town  probably  for  a  long  tini 
in  the  future.  Besides  this  method  of  obtaining  water,  cisterns  an« 
wells  are  used  to  a  small  degn^e.  These  wells  have  a  depth  ordinaril 
of  about  70  feet.  Most  of  them  are  wholly  in  the  glacial  till,  but  soni 
of  them  penetrate  rock  altogc^ther,  the  water-bearing  stratum  in  th 
latter  case  being  a  conglomerate. 

Some  small  streams  near  Port  Gamble  are  drawn  upon  for  the  wate 
supply  of  that  town.  Fi'om  reservoirs  along  these  streams  the  wate 
is  distributed  to  the  town  l)y  a  gravity  system.  About  150,000  ga 
Ions  of  water  are  obbiined  daily,  an  amount  sufficient  for  the  prescM 
and  the  future.  The  water  is  soft  and  of  good  quality,  no  sources  < 
contamination  being  present.  Besides  its  use  for  domestic  purix)se.' 
it  is  employed  to  a  large  extent  as  a  l>oiler  supply. 

KITTITAS  COUXTY. 

General  stateftnent. — Kittitas  County  lies  near  the  center  of  th 
State,  between  Chelan  Coimty  on  the  north  and  Yakima  County  o 
the  south,  and  extends  from  the  summit  of  the  Cascades  eastward  t 
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Colambia  River.  From  the  Cascade  divide,  which  has  a  general 
height  of  about  6,000  feet  above  the  sea,  the  country  descends  south- 
eastward to  a  minimum  elevation  of  500  feet.  In  the  northwestern 
part  of  the  county  the  surface  exhibits  the  usual  ruggedness  of  the 
higher  and  wilder  parts  of  the  Cascades.  The  highest  peak  here, 
Mount  Stuart,  has  an  elevation  of  9,470  feet. 

The  rainfall  in  Kittitas  County  varies  widely  because  of  the  great 
difference  in  elevation  from  point  to  point.  In  the  high  mountains 
the  precipitation  is  from  50  to  60  inches  a  year.  It  decreases  east- 
ward until  it  becomes  less  than  15  inches  at  EUensburg  and  less  than 
10  inches  in  the  vicinity  of  Columbia  River.  Naturally,  the  charac- 
ter of  the  vegetation  is  greatly  modified  by  the  wide  variation  in  the 
amount  of  ittinfall.  The  higher  mountains  as  a  rule  are  heavily  for- 
ested, while  the  plateaus  are  sparsely  covered  with  trees.  In  lower 
altitudes  the  trees  give  way  to  the  bunch  grass,  which  is  in  turn 
superseded  by  sagebrush  on  the  still  lower  levels.  The  abundant 
rainfall  of  the  mountains  gives  rise  to  many  fine  streams,  which  afford 
water  alike  for  the  use  of  cities  on  the  plains  below  and  for  the  irri- 
gation of  orchards  and  alfalfa  fields. 

The  southeastern  part  of  the  county  is  largely  covered  by  Miocene 
basalts.     In  the  neighborhood  of  EUensburg  are  remnants  of  a  sand- 
stone formation  which  represents  the  sediments  of  a  middle  Tertiary 
lake  of  unknown  extent.     The  geology  is  somewhat  complex,  as  both 
sedimentary  and  volcanic  rocks  of  Eocene  and  Miocene  age  are  found. 
The  sedimentary  beds  are  lacustrine,  and  consist  chiefly  of  sandstone 
and  shale.     In  one  of  the  Ex)cene  sedimentary  formations  round  about 
the  towns  of  Roslyn  and  Clealum,  seams  of  coal  of  great  economic 
value  have  been  found,  and  here  are  the  largest  coal  mines  in  the 
State.     In  the  vicinity  of  Mount  Stuart,  near  the  southern  border  line 
of  the  county,  there  are  large  areas  of  pre-Tertiary  rocks  of  a  complex 
nature  geologically,  in  which  there  are  granites,  granodiorites,  ser- 
pentines, slates,  and  schists. 

Municipal  systems, — ^The  water  supply  for  Clealum  comes  from 
mountain  springs  about  3  miles  southwest  of  town.  The  springs  are 
I  180  feet  above  the  town,  thus  giving  a  good  head  and  making  it  easy 
to  distribute  the  water  throughout  the  town  by  a  gravity  system. 
For  the  first  mile  from  the  springs  a  10-inch  pipe  was  laid,  for  the 
next  mile  an  8-inch  pipe,  and  for  the  third  mile  a  6-inch  pipe.  The 
water  pressure  in  the  town  is  from  90  to  100  pounds  per  square  inch. 
The  amount  of  water  obtained  is  believed  to  be  ample  for  a  city  of 
20,000  inhabitants.  Should  this  supply  ever  fail,  water  in  great  abun- 
dance may  be  obtained  from  Yakima  River,  a  clear  mountain  stream 
which  flows  through  a  part  of  the  town.  Clealum  owns  160  acres  of 
land  about  the  springs,  thus  effectually  preventing  contamination. 
Some  time  ago  an  effort  was  made  to  obtain  artesian  water.    A  well 
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was  drilled  in  Clealum  to  a  depth  of  800  feet  without  striking  water. 
The  water  supply  of  the  town  is  used  for  irrigating  as  well  as  domestic 
purpose*!. 

Ellensburg  obtains  water  from  streams  which  flow  out  from  the 
foothills  of  the  Cascades.  The  water  obtained  in  this  way,  however, 
is  not  of  the  l)est  quality  and  is  barely  sufficient  for  present  needs. 
An  unusual  demand  is  made  upon  the  supply,  for  a  large  amount 
of  water  is  used  for  irrigation  as  well  as  for  domestic  purposes. 
The  private  wells  which  are  in  use  range  in  depth  from  10  to  20  foet 
They  are  essentially  surface  wells,  not  entering  the  rock  at  all,  but 
obtaining  water  from  l>eds  of  gravel.  The  well  water,  as  a  rule,  is 
hard  and  contains  alkali.  The  water  level  in  the  wells  varies,  the 
water  rising  to  the  surface  when  the  soil  is  thoroughly  saturated  as  the 
result  of  excessive  irrigation.  • 

For  its  town  supply  Itoslyn  obtains  water  from  Clealum  River,  a 
mountain  stream  yielding  water  of  excellent  quality.  This  supply  is 
so  satisfactory  that  no  dependence  is  placed  upon  wells,  cisterns,  or 
other  sources. 

KlilCKITAT  COUNTY. 

General  statement. — Klickitat  County  is  situated  on  the  southern 
l>order  of  the  Stat«,  with  Columbia  River  on  the  south,  Yakima  County 
on  the  north,  and  Skamania  County  on  the  west.  The  western  part 
of  tho  county  is  within  the  Cascjides,  and  is  therefore  very  rugged. 
The  toix)graphy  of  the  centnil  part  is  that  of  a  broad  plateau  sloping 
from  the  north  toward  Cohmihia  River.  The  topography  of  the  east- 
ern end  of  the  county  is  that  of  a  plain  rising  but  little  above  the  level 
of  the  river. 

In  the  western  tx)rtion  of  the  county  the  annual  minfall  is  from  30 
to  35  inches,  in  the  vicinity  of  (loldendale  it  is  15  or  20  inches,  whHe 
in  thci  eastern  end  of  the  county  it  is  only  about  10  inches.  As  a  conse- 
(luence  of  the  unequal  distril)ution  of  rainfall,  the  western  portion  of 
the  county  is  a  region  of  forests  and  streams;  the  central  part  has  a  very 
sparse  forest  growth  and  few  streams,  but  at  the  same  time  is  one  of 
the  best  wheat-growing  districts  in  the  State;  and  the  eastern  part 
is  treeless  and  virtually  without  streams,  so  that  agriculture  can  be 
carried  on  only  by  means  of  irrigation. 

With  the  possible  exi*eption  of  the  extreme  western  end,  all  of  the 
county  may  be  said  to  be  covered  by  Columbia  River  lava.  The  bed 
rock  is  basalt.  As  far  as  known,  no  deep  wells  have  been  drilled  into 
it,  as  in  other  parts  of  the  Stat€,  to  determine  whether  or  not  it  is 
water  bearing.  That  it  is  water  bearing  is  largely  proved  by  the  fact 
that  in  a  number  of  places  springs  issue  from  the  outcrops  of  porous 
basaltic  rock.    The  springs  in  some  instances  have  a  temperature  con- 
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siderably  above  that  of  the  surrounding  atmosphere.  In  some  cases 
also  they  may  be  classed  as  mineral  springs,  and  are  believed  to  have 
medicinal  qualities  as  well. 

Municipal  m/steim. — ^The  water  for  Goldendale  is  piped  from  a  spring 

on  the  southern  slope  of  Simcoe  Mountain,  12  miles  to  the  north. 

The  supply  is  sufficient  for  present  needs,  but  will  probably  have  to 

be  increased  in  the  future.     Other  good  springs  are  conveniently 

near,  and  the  water  from  these  can  be  easily  utilized.     The  water  is 

soft  and  imcontaminated.     The  spring  is  located  at  a  sufficient  height 

above  the  city  to  give  a  good  head  of  water.     A  few  wells  are  used, 

ranging  in  depth  from  12  to  75  feet.     Most  of  the  wells  are  shallow, 

water  being  most  commonly  found  at  20  feet  in  beds  of  gravel. 

From  the  wells  a  large  amount  of  water  may  be  obtained.     The  water 

level  shows  but  little  change  from  season  to  season,  and  is  affected  by 

pumping  only  in  a  slight  degree.     In  Goldendale  a  large  amount  of 

water  is  used  in  irrigation. 

Springs. — On  Government  land  in  T.  6  N.,  R.  13  E.,  there  is  a  large 
spring,  or  rather  a  group  of  springs.  At  these  springs  the  water 
flows  out  in  a  stream  from  basaltic  rock.  The  springs  are  located  at 
the  base  of  a  bluff  rising  from  the  valley  of  Klickitat  River.  The 
flow  is  large,  there  being  no  perceptible  variation  from  season  to 
season.  The  water  is  clear  and  odorless,  but  it  has  an  unpleasant 
taste.  It  has  a  temperature  of  76°  F.  Bubbles  of  gas  are  constant\y 
escaping  from  the  water.  It  has  been  used  to  a  limited  degree  for 
medicinal  purposes. 

On  Big  Klickitat  River  in  T.  4  N.,  R.  14  £.,  is  a  spring  which  is  con- 
sidered to  have  special  medicinal  properties.  By  the  internal  use  of 
the  water,  stomach  and  kidney  diseases  are  benefited,  and  rheumatism 
is  helped  by  bathing  in  the  water.  The  spring  issues  as  a  stream 
from  basaltic  rock.  It  has  a  temperature  of  100°  F.  There  is  a 
slight  film  on  its  surface  and  it  carries  a  little  sediment.  It  has  a 
strong  mineral  taste  and  is  charged  with  gas,  iron,  and  sulphur. 
Deposits  of  iron  oxide  are  made  along  the  stream  as  it  flows  away 
from  the  spring.  It  is  planned  to  make  a  health  resort  at  this  spring, 
and  a  hotel  and  bath  house  are  in  process  of  construction.  An  analy- 
sis of  the  water,  made  by  Prof.  H;  G.  Byers  of  the  University  of 
Washington,  is  as  follows: 

Anodym  of  spring  water  from  near  Big  Klickitat  River. 

[Parts  per  million.] 

Total  solids .768.7 

Nonvolatile  polids 569. 2 

Volatilesolids 189.5 

SiUca 85. 5 

Ferric  oxide  and  alumina 104. 9 

OAlcinm  carbonate 129.6 
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Magnesium  carbonate 184.8 

Calcium  sulphate^ 4.5 

ScKlium  chloride 10. 1 

Potassium  chloride 22.3 

Potassium  sulphate 27.5 

Free  carbon  dioxide 700. 0 

liEWIS  COUNTY. 

Omaral  statement, — Lewis  County  is  in  the  southwestern  part  of 
the  State  and  extends  from  the  summit  of  the  Cascades  to  Fadfic 
C'ounty  on  the  west,  with  Chehalls,  Thurston,  and  Pierce  counties  on 
its  northern  l)order,  and  Wahkiakum,  Cowlitz,  and  Skamania  coanties 
on  the  south.  The  county  has  a  very  diversified  topography.  The 
western  end  of  it  lies  within  the  Coast  Range,  where  the  highest  hills 
or  mountains  are  from  2,000  to  3,000  feet  in  height.  East  of  the 
Coast  Rjinge  is  a  broad  north-south  valley  which  is  in  reality  a  part  of 
the  Puget  Sound  basin.  EavSt  of  this  great  valley  rise  the  mountains 
of  the  Cascades,  reaching  heights  of  5,000  or  6,000  feet  on  the  main 
divide.  The  mountains  have  been  greatly  dissected  by  the  streams, 
and  some  of  the  valleys,  notably  that  of  Cowlitz  River,  are  very  broad 
and  deep. 

The  rainfall  is  heaviest  in  the  western  part  of  the  county,  where  it 
avemgcs  70  inches  per  year.  It  decreases  eastward  until  in  the 
neighborhood  of  Chehalis  and  Centralia  it  is  50  inches.  In  the  moun- 
tains of  the  (^astern  part  of  the  county  the  average  yearly  rainfall  is 
()0  inches.  This  heavy  rainfall  gives  rise  to  a  very  large  immber  of 
streams  and  produces  a  luxuriant  forest  growth  which  is  equal  to  any 
found  elsewhere  in  the  State. 

The  eastern  pait  of  the  county,  or  that  within  the  Cascades,  is  practi- 
cally unknown  i^^eologically.  There  are  a  few  small  areas  of  coal- 
bearing  sandstones  and  shales  lying  along  the  upper  Cowlitz  River  and 
in  the  region  about  Cowlitz  Pass.  The  geology  of  the  western  two- 
thirds  of  the  county  has  b(H»n  studied  to  some  extent,  and  as  far  as 
known  the  rocks  are  of  Eocene  age.  Fossils  of  marine  Eocene  types 
occur  in  great  abundance  along  the  Cowlitz  in  the  vicinity  of  Little 
Falls.  The  sedimentiiry  rocks  are  mainly  sandstones  and  shales  and 
are  coal  bearing  at  a  number  of  places,  notably  about  Chehalis  and 
Centralia,  in  the  vicinity  of  Alpha  and  Cinebar,  and  near  Morton. 
Upon  the  sedimentjiry  rocks  in  most  places  a  deijp  soil  has  formed, 
and  within  this  water  is  obtained  with  ea.se  by  means  of  shallow  wells. 
Springs  are  common  upon  the  hillsides,  and  they  may  be  regarded  as 
important  sources  of  good  water.  The  amount  of  surface  water  to  be 
had  is  so  very  large  that  it  is  not  probable  that  recourse  to  deep  wells 
will  ever  be  necessary.  The  stnicture  of  the  sedimentary  rocks  is 
such  that  they  undoubtedly  contain  aitesian  basins,  which  may  be 
tapped  whenever  the  need  arises. 
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Municipal  systems. — ^The  water  for  Centralia  is  obtained  partly  from 
wells  and  partly  from  Skookumchuck  River.  From  neither  of  these 
is  very  good  water  obtained,  and  some  other  source  mast  be  sought 
out.  The  wells  range  in  depth  from  20  to  30  feet.  Water  is  most 
commonly  found  at  about  18  feet,  in  beds  of  gravel,  but  as  these  beds 
are  not  overlain  by  clay  or  other  impervious  material,  contamination 
from  the  surface  is  not  prevented.  From  these  wells  a  large  supply 
of  water  may  be  obtained.  The  water  level  varies  but  little  during 
the  year,  being  somewhat  lower  in  the  dry  season. 

The  water  supply  for  Pe  Ell  is  obtained  mostly  from  wells,  although 
a  few  families  derive  their  supply  from  springs.  The  spring  water  is 
satisfactory,  but  the  same  can  hardl}-  be  said  of  the  wells.  The  latter 
are  very  shallow  and  contamination  from  the  surface  is  very  easy. 
Tbe  well  water  comes  from  gravel  and  rises  to  the  surface  in  some 
caaes.  A  large  supply  of  water  is  had,  the  water  level  scarcely  vary- 
ing during  the  year. 

UrSCOUS  COUNTY. 

General  statement, — Lincoln  County  is  in  the  eastern  part  of  the 
State  and  is  bounded  on  the  east  by  Spokane  County,  on  the  west  by 
Douglas  County,  on  the  south  by  Adams  County,  and  on  the  north  by 
Columbia  and  Spokane  rivers.  The  surface  is  that  of  a  plateau  having 
ft  general  height  of  about  3,500  feet  above  sea  level.  On  the  north 
the  plateau  slopes  very  abruptly  to  the  canyon  of  the  Columbia,  while 
on  tbe  south  there  is  a  gentle  slope  toward  Crab  Creek.  Low,  rolling 
hills  occur  here  and  there. 

The  yearly  rainfall  varies  from  10  inches  in  the  western  half  to  15 
inches  in  the  eastern  portion.  This  is  too  small  to  permit  of  forest 
growth  and  hence  the  county  was  formerly  a  prairie  region  clothed 
with  grasses.  The  bunch  grass  now,  however,  has  largely  given  way 
to  wheat  fields,  and  the  county  produces  each  year  an  increasing  amount 
of  grain.  The  streams  are  in  the  main  of  the  intermittent  type,  there 
being  but  very  few  that  arc  of  a  permanent  character.  The  small 
streams  are  active  in  the  runways  during  the  winter  and  spring  months 
only  and  disappear  with  the  coming  of  summer. 

With  the  exception  of  the  outcrops  of  granite  in  the  vicinity  of 
Columbia  and  Spokane  rivers  the  bed  rock  is  altogether  basalt.  The 
basalt  has  within  it  porous  lasers  which  become  tilled  with  water,  thus 
forming  important  reservoirs.  In  the  ravines  and  "coulees"  the 
porous  basalt  often  outcrops  and  gives  origin  to  springs  which 
afford  an  ample  quantity  of  water  for  general  house  and  farm  use. 
A«a  rule,  the  springs  are  active  all  the  year,  and  in  some  instances  have 
a  flow  sufficient  for  use  as  a  municipal  supply.  In  cases  where 
springs  have  not  been  available  wells  Iiave  l)een  dug  in  the  basalt,  and 
iRR  111—06 3 
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whenever  the  porous  rock  was  encountered  ample  supplies  of  water 
were  obtained-     Ordinarily  the  wells  vary  in  depth  from  25  to  50  feet 

Munwlpal  systems, — Water  for  Davenport  is  obtained  from  springs 
near  the  town.  The  supply  is  sufficient  for  present  needs,  but  it  is 
probable  that  it  will  have  to  be  increased.  The  water  is  of  good 
quality  and  there  are  no  sources  of  contamination.  A  gmvity  system 
of  waterworks  is  used.  The  wells  in  the  region  vary  in  depth  from 
20  to  00  feet,  the  water  being  most  commonly  found  at  30  feet  The 
wells  enter  the  roc*k,  and  a  layer  of  clay  at  the  surface  prevents  any 
contamination  from  that  direction.  No  flowing  wells  have  been  found, 
but  a  largo  supply  of  water  is  obtained  from  the  common  wells.  The 
water  level  does  not  vary  during  the  year  and  is  not  affected  by  pump- 
ing.    Much  water  is  used  in  irrigation  as  well  as  for  domestic  purposes. 

Harrington  obtains  its  water  from  wells,  although  springs  are  used 
to  some  extent.  The  wells  vary  in  depth  from  30  to  100  feet.  Water 
is  most  commonly  found  at  about  35  feet.  All  of  the  wells  enter 
basalt.  The  water  usually  rises  to  within  20  feet  of  the  surface,  where 
it  stands  constant  the  year  round.  It  is  of  good  quality,  but  will 
doubtless  be  insufficient  for  future  demands.  The  water  is  pumped 
into  a  standpipe  and  distributed  by  gravity. 

The  supph^  for  Sprague  is  obtained  in  part  from  a  spring  and  in 
part  from  wells.  At  the  spring  the  water  issues  from  basaltic  rock 
and  varies  much  in  quantity  from  season  to  season.  During  the  dry 
season  the  supply  from  the  spring  becomes  insufficient  and  the  wells 
arc  relied  upon.  The  supply  from  the  wells  seems  to  be  inexhaustible 
and  constant  pumping  makes  no  impression  on  the  water  level.  The 
water  from  the  spring  is  distributed  by  gravity,  while  the  well  water 
is  obtained  by  pumping.  From  these  sources  excellent  water  is  obtained 
in  quantities  believed  to  be  sufficient  for  all  future  needs.  The  private 
wells  of  the  region  vary  in  depth  from  20  to  40  feet.  Water  is  com- 
monly found  at  a  depth  of  20  feet.  These  wells  do  not  enter  rock,  but 
are  wholly  in  surface  material.  The  water-bearing  materials  are  sand 
and  gravel.  The  wells,  although  shallow,  afford  a  large  quantitj'^  of 
water,  the  level  being  lowered  only  in  a  long,  dry  season. 

Water  for  Wilbur  is  obtained  from  Goose  Creek,  which  has  its  source 
in  two  large  springs,  and  also  from  some  wells.  The  water  is  of  good 
quality,  and  ample  in  quantity  for  present  and  future  needs.  A 
gravity  system  of  waterworks  has  been  installed.  The  wells  are  all 
very  shallow,  the  usual  depth  being  about  12  feet.  They  enter  the 
basaltic  rock  which  underlies  the  town.  Contamination  from  the  sur- 
face is  prevented  by  a  layer  of  clay.  The  wells,  although  shallow,  are 
relied  upon  for  the  domestic  supply,  and  the  water  from  the  springs 
is  used  largely  in  irrigation. 

Springs,— In  sec.  21,  T.  25  N.,  R.  37  E.,  near  the  town  of  Daven- 
port, there  Is  a  large  spring  from  which  about  360,000  gallons  of 
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water  flow  daily.  This  supply  is  fairly  constant^  although  slightly  less 
in  summer.  The  water  is  clear  and  cold  and  has  a  pleasant  taste.  It 
issues  as  a  stream  from  the  rock.  It  is  used  as  a  water  supply  for  the 
■  town  of  Davenport. 

Near  Davenport,  on  the  farm  of  J.  E  Ludy,  there  is  a  spring  which 
is  located  in  the  bottom  of  a  deep  draw  or  gulch.  The  water  comes 
out  as  a  stream,  and  in  quantity  sufficient  to  supply  about  15  families. 
It  is  slightly  alkaline,  but  there  are  no  deposits  of  mineral  matter  or 
sediment  about  the  spring.     The  water  has  a  temperature  of  about  45*^  F. 

Near  Harrington,  in  sec.  34,  T.  28  N.,  R.  36  E.,  there  is  a  spring 
owned  by  J.  L.  Ball.  The  water  issues  from  the  rock  at  the  base  of  a 
bluff.  It  is  clear  and  of  a  very  good  quality.  It  is  used  for  a  general 
farm  supply. 

L.  T.  Luper  owns  2  springs  near  Harrington,  in  sees.  1  and  9,  T.  23 
N.,  R.  36  E.  The  spring  in  section  1  flows  about  23,000  gallons  per 
day,  and  the  one  in  section  9  about  28,000  gallons  per  day.  Neither 
spring  shows  any  variation  in  flow  from  season  to  season,  and  in  both 
the  water  is  clear,  of  good  quality,  and  apparently  not  mineral  bearing. 
In  each  case  the  water  issues  as  a  stream.  The  water  is  used  as  a 
house  supply  and  in  watering  stock. 

Near  Sherman,  in  sec.  25,  T.  29  N.,  R.  eS3  E.,  H.  B.  Fletcher  owns 
a  spring  which  appears  as  a  stream.  The  spring  is  located  in  a  valley. 
The  flow  is  very  large  and  is  constant  from  season  to  season.  The 
water  as  it  issues  is  cold,  clear,  and  of  a  superior  quality.  It  is  used 
by  the  farmers  for  their  stock,  but  it  has  been  proposed  to  pipe  the 
water  to  Wilbur  as  a  supply  for  that  town. 

^  MASON  COUNTY.  / 

General  atdtemevU. — Mason  County  lies  in  the  western  part  of  the 
State,  being  separated  from  the  Pacific  Ocean  by  Chehalis  County, 
which  borders  it  on  the  west.  It  is  bounded  on  the  north  and  north- 
east by  Jefferson  and  Kitsap  counties,  and  on  the  southeast  and  south 
by  Pierce  and  Thurston  counties.  The  northwestern  portion  of  the 
county  extends  into  the  Olympic  Mountains,  and  hence  is  very  rugged 
and  broken  in  character.  Most  of  the  remaining  part  of  the  county 
is  very  hilly,  the  only  portions  that  are  level  to  any  degree  being  those 
immediately  aWut  Hood  Canal  and  other  inlets  of  Puget  Sound.  The 
streams  which  come  from  the  mountains  flow  in  canyons,  and  the  inter- 
stream  divides  are  very  sharp. 

The  yearly  rainfall  is  very  heavy,  ranging  from  85  inches  on  the 
western  border  to  60  inches  in  the  extreme  eastern  portion.  As  one 
result  of  the  copious  rainfall  there  is  a  heavy  forest  growth,  the  for- 
ests of  Mason  County  being  regarded  as  among  the  best  in  the  State. 
In  the  southeastern  part  of  the  county,  the  only  portion  which  is  set- 
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tied  to  any  extent,  water  for  domestic  purposes  is  obtained  very  largely 
from  the  glacial  deposits,  which  are  here  very  thick.  As  a  rule  the 
wells  are  shallow,  water  being  obtained  at  depths  varying  from  10  to 
25  feet.  With  the  abundant  rainfall  and  the  heavy  mantle  of  uncon- 
solidated surface  materials  it  is  not  surprising  that  springs  are  very 
common.  The  water  issues  from  the  springs  in  the  form  of  streams, 
and  usually  in  sufficient  quantities  to  afford  town  supplies. 

Mtmhlpal  nyHUmu, — The  water  supply  for  Shelton,  a  town  of  about 
1,()(X)  people,  is  obtained  from  some  large  springs,  and  will  doubtless 
prove  inadequate^  when  the  population  of  the  town  is  doubled,  but 
there  are  other  large  springs  located  conveniently  near  which  may  be 
utilized.     The  water  is  soft  and  pure  and  very  satisfactory  for  dome^^- 
tic  purposes.     A  gravity  system  of  waterworks  is  used.     In  the  region 
about  Shelton  there  are  a  good  many  wells  from  which  excellent  water 
is  obtained.     In  some  instances  the  water  rises  to  the  surface,  and  the 
water  level  is.not  distinctly  lowered  except  in  September,  the  month 
of  the  least  rainfall.     The  wells  are  jus  a  rule  driven  wells,  the  mate- 
rials penetmted  being  glacial  till,  sand,  and  gravel.     The  wells  are 
shallow,  varying  from  10  to  25  feet  in  depth.     The  water-bearing 
material  is  overlain  by  hardpan,  so  that  there  is  no  contamination  from 
the  surface. 

Sprwifi^. — As  noted  above,  the  town  of  Shelton  obtains  its  water 
supply  from  two  springs  located  in  sec.  12,  T.  20  N.,  R.  4  W.  The 
flow  has  not  been  measured,  but  it  is  ample  for  all  present  demands. 
The  springs  issue  as  streams  from  gravel  beds  which  outcrop  on  a 
hillsidi^  above  the  town.  The  water  contains  a  small  amount  of  iron, 
but  there  are  no  deposits  of  minenil  matter  about  the  springs. 

At  other  places  about  Shelton,  notiibly  in  sec.  18,  T.  20  N.,  R.  8  W., 
and  in  sec.  13,  T.  20  N.,  R.  4  W.,  are  other  springs  which  supply  large 
quantities  of  water.  They  issue  from  gravel  beds  at  the  base  of  a 
bluff  about  150  feet  high.  From  tlio  top  of  the  bluff  a  gravel  terrace 
extends  for  several  niilos.  Lying  upon  this  terrace,  near  the  springs, 
there  are  scvenil  lakes,  and  it  has  been  suggested  that  the  lakes  are 
the  sources  of  the  spring  water. 

OKAXOGAN  COUXTY. 

General  Htoteinetit.-Ok^xwo^mi  County  extends  from  the  British 
Columbia  line  to  Columbia  River,  and  from  Ferry  County  on  the  east 
to  (!helan  and  Whatcom  counties  on  the  west.  This  large  county  pre- 
sents a  groat  diversity  of  surface,  and  within  it  are  rugged  mountains, 
rolling  liills,  and  broad  plateaus  which  merge  into  plains.  The  we.stem 
portion  of  the  county  is  a  region  of  high  mountains  and  deep  valleys. 
Between  Methow  and  Okanogan  rivers  is  a  bold  mountain  ridge  which 
has  a  north-south  course.     Along  the  eastern  border  line  of  the  county 
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there  is  likewise  a  mountain  ridge,  with  a  north-south  course  and  a 
general  height  of  about  4,(XH)  feet  al)ovc  the  sea.  Along  the  southern 
border  of  the  county  the  Columbia  Hows  in  u  deep  canyon,  but  the 
Okanogan,  its  chief  tributary,  is  a  meandering  stream  flowing  in  a 
broad  and  comparatively  shallow  valley.  The  Methow  Valley  is  like- 
wise very  broad  and  open,  except  for  the  last  few  miles  of  its  course, 
when  it  assumes  a  canyon  aspect. 

The   rainfall  of  Okanogan  County  is  light  in   comparison   with 
other  parts  of  Washington.     In  the  mountainous  area  the  annual  pre- 
cipitation is  from  15  to  20  inches.     Over  much  of  the   remaining 
part  of  the  county  it  ranges  from  10  to  15  inches,  and  over  a  small 
portion  it  is  even  less  than  10  inches.     The  forest  grows  exclusively 
upon  the  highlands,  chiefly  in  the  Cascades,  in  the  mountains  along  the 
eastern  border,  and  on  the  mountain  ridge  between  Okanogan  and 
Methow  rivers.     Over  those  parts  of  the  county  where  the  trees  can 
not  grow  bunch  grass  abounds,  only  the  lowest  plains  along  Okanogan 
River  being  given  over  to  sagebrush.     From  the  mountains  good 
i>treams  of  water  flow  to  the  plains  and  make  possible  irrigation  on  a 
large  scale  in  the  valleys  of  Methow,  Okanogan,  and  Columbia  rivers. 
As  far  as  known  the  rocks  of  Okanogan  County  are  chiefly  gneisses, 
schists,  slates,  and  crystalline  limestones.     Here  and  there  are  small 
remnants  of  more  or  less  extensive  sediments  of  Tertiary  lakes.    Over 
large  areas  intrusive  and  extrusive  igneous  rocks  of  various  kinds  pre- 
vail.   Over  much  of  the  surface  there  is  a  thick  mantle  of  soil,  and 
within  this  in  most  places  water  may  be  obtained  by  means  of  wells. 
Springs  commonly  occur,  and  they  are  relied  upon  to  a  large  degree  by 
the  settlers.     Surface  water  is  usually  sufliciently  abundant  to  supply 
the  herds  of  cattle  and  sheep  with  their  recjuirements. 

Municipfd ,  systeDia. — Loomis  obtains  its  water  from  Sinlahekin 
Creek  and  from  a  spring  owned  by  »I.  M.  Judd.  Neither  source  is 
very  satisfactory,  and  it  is  planned  to  secure  a  supply  from  Toats 
Coulee  Creek,  a  mountain  stream  of  pure  water  which  flows  near  the 
town.  A  few  wells  have  l>eendug  in  the  district  about  Ix)omis.  They 
are  all  shallow,  ranging  in  depth  from  20  to  30  feet.  They  do  not 
reach  bed  rock,  but  lie  wholly  in  the  mantle  rock  or  soil. 

PACIFIC  COUNTY. 

General  statement, — Pacific  County  lies  at  the  southwest  corner 
of  the  State.  The  ocean  border  of  the  county  is  exceedingly  irregu- 
lar, due  in  part  to  a  submergence  of  the  coast  and  in  part  to  the  build- 
ing out  from  the  headlands  of  long  sand  spits.  The  surface  rises 
gradually  from  tide  water  to  the  summit  of  the  Coast  Kange,  where  a 
maximum  height  of  3,000  feet  above  the  sea  is  attained.  Much  of  the  . 
coast  is  low,  and  alluvial  valleys  extend  for  some  distance  up  the 
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streams.  The  annual  rainfall  is  very  heavy,  varying  from  65  inches 
at  the  inoath  of  the  Columbia  to  85  inches  and  over  along  the  north- 
ern border.  In  this  county  the  change  in  amount  of  precipitation  is 
in  a  north-south  rather  than  an  east- west  direction  as  is  commonly  the 
case.  As  elsewhere  the  large  rainfall  produces  many  streams  and  an 
extraordinary  forest  growth.  The  larger  trees  are  closely  surrounded 
by  a  very  dense  growth  of  minor  forms,  so  that  the  forest  as  a  whole 
is  almost  impenetrable. 

With  few  exceptions  all  the  rocks  of  the  county  are  shales,  sand- 
stones, and  conglomerates  of  middle  Tertiary  age.  All  of  these  disin- 
tegrate readily  when  exposed  to  the  atmosphere,  so  that  there  is  a 
heavy  mantle  of  incoherent  porous  material  many  feet  in  depth. 
Within  this  soil  there  is  generally  an  abundance  of  water,  so  that 
shallow  wells  and  springs  form  the  main  sources  of  domestic  supply. 

Municipid  st/stern^. — Springs  afford  the  water  supply  for  Ilwaco, 
but  they  are  not  very  satisfactory  and  in  the  near  future  some  other 
source  must  ]>e  sought.  The  present  supply  is  not  of  the  best  quality 
and  will  soon  be  inadequate.  Contamination  is  due  chiefly  to  decaying 
vegetal)le  matter.  A  gravity  system  of  waterworks  is  used.  Ilwaco 
is  situated  on  a  plain  which  rises  but  little  above  high  tide.  Wells  arc 
not  used  at  all,  because  the  water  within  them  is  unfit  for  drinking 
purposes. 

The  supply  of  water  for  Southbend  is  obtained  from  springs.  In 
this  way  wat^r  of  excellent  quality  is  had,  free  from  contamination, 
and  in  quiiiitity  l)elieved  to  be  sufficient  for  all  future  needs.  The 
water  is  carried  from  the  springs  and  distributed  about  the  town  by  a 
gravity  system.  Very  few  wells  are  used  about  Southbend,  and  in 
none  of  them  is  the  water  satisfactory.  The  wells  vary  in  depth  from 
10  to  ()()  feet. 

piEUCK  coI^^^^Y. 

Gtmeral  .statement, — Pierce  C/Ounty  extends  from  the  summit  of  the 
Cascades  on  the  east  to  Paget  Sound  on  the  west,  and  from  King  and 
Kitsap  counties  on  the  north  to  Lewis  and  Thurston  counties  on  the 
south.  In  the  vicinity  of  the  sound  the  surface  is  that  of  a  plain  with 
a  genoml  height  of  800  to  400  feet  above  sea  level.  Eku^tward  the 
plain  gives  way  to  hills,  which  in  turn  soon  merge  into  the  high 
mountains  forming  the  eastern  third  of  the  county.  Mount  Rainier 
lies  in  Pierce  County,  and  immediately  about  it  and  to  the  northeast 
high  peaks  and  deep  valleys  are  very  conspicuous. 

The  lowest  annual  minfall  is  in  the  neighborhood  of  Tacoma,  where 
it  averages  45  inches.  It  increases  eastward  and  in  the  mountains  is 
about  60  inches.  Upon  the  sides  of  Mount  Rainier  and  the  neighl)or- 
ing  high  mountains  the  precipitation  is  principally  in  the  form  of 
snow,  and  large  snow  fields  and  glaciers  are  found.     By  the  precipitous 
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descent  of  many  of  the  large  streams  waterfalls  of  much  economic 
importance  have  been  produced.  Some  of  the  waterfalls  are  now 
being  utilized  for  power  purposes.  The  heavy  rainfall  of  the  moun- 
tains insures  an  ample  supply  of  the  purest  water  for  the  cities  about 
the  sound  or  upon  the  plains. 

In  the  region  about  Burnett,  Wilkeson,  Carbonado,  and  Fairfax  the 

outcropping  rocks  are  chiefly  clastic  sediments  of  Eocene  age.     They 

are  coal  bearing,  and  at  the  places  above  mentioned  coal  mines  are  now 

in  operation.     The  extent  of  the  sedimentary  series  is  unknown,  since 

eastward  it  passes  under  the  lavas  of  Mount  Rainier  and  westward  it 

disappears  beneath  the  heavy  mantle  of  glacial  sediments  which  covers 

the  western  third  of  the  county.    The  glacial  deposits  for  the  most 

part  are  made  up  of  coarse  gravels  and  sands,  into  which  the  water 

sinks  after  each  rainfall,  so  that  the  drainage  is  chiefly  underground. 

In  the  western  part  of  the  county  there  are  but  few  streams  save 

those  which  have  their  origin  in  the  hills  and  mountains.     Ordinarily 

a  large  quantity  of  good  water  is  obtained  in  wells  having  a  depth  of  40 

to  50  feet.     Springs  are  very  abundant  and  it  is  from  this  source  that 

the  principal  towns  of  the  county  derive  their  water  supplies.     The 

springs  are  commonly  found  at  the  bases  of  the  hills,  and  from 

them  the  water  usually  issues  in  the  form  of  streams.     Not  only  are 

the  springs  numerous,  but  the  quantity  of  water  that  flows  from  some 

of  them  is  phenomenal. 

Municipal  systems. — A  well  situated  on  an  island  in  White  River, 
near  the  town,  supplies  Buckley  with  water.  From  this  source,  by 
pumping,  a  very  large  supply  may  be  obtained,  ample  for  present  and 
future  needs.  The  water  is  of  good  quality,  there  being  no  known 
sources  of  contamination.  In  the  region  about  Buckley  the  wells 
vary  in  depth  from  30  to  40  feet,  the  water-bearing  materials  being 
beds  of  sand  and  gravel.  The  latter  are  overlain  by  glacial  till  or 
hardpan,  so  that  the  wells  suffer  no  contamination  from  the  surface. 

The  water  for  Carbonado  is  obtained  from  springs  located  in  some 
gravel  beds  overlying  the  coal-bearing  rocks.  The  supply  is  sufficient 
for  the  present  and  doubtless  will  be  enough  for  all  future  needs.  A 
gravity  system  of  waterworks  is  in  use.  The  water  is  used  for  boilers 
as  well  as  for  domestic  purposes.  There  arc  no  wells  in  Carbonado. 
Springs  furnish  a  supply  of  water  for  Orting.  The  water  is  not 
contaminated  and  is  very  satisfactory.  The  supply  is  ample  for  all 
the  demands  made  upon  it.  Other  springs  near  by  may  be  utilized  if 
necessary.  A  gravity  system  of  waterworks  is  used.  In  the  region 
about  Orting  are  a  few  wells,  their  depths  varying  from  14  to  18  feet. 
The  wells  are  wholly  in  glacial  materials,  not  reaching  the  bed  rock  in 
any  case.  The  water  in  the  wells  is  excellent  and  abundant,  usually 
rising  to  the  surface  in  the  winter  months. 
The   water  used  in  Puyallup  comes   from   Maplewood    Springs. 
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These  springs  lie  within  the  city  limits  and  have  a  flow  of  20,000,000 
gallons  daily.  The  water  is  of  good  quality.  It  is  distributed 
through  the  town  by  a  gravity  system.  Puyallup  is  located  on  the 
flood  plain  of  Puyallup  River  near  where  it  enters  the  sea.  The  wells 
that  have  been  dug  in  the  alluvium  of  the  valley  do  not  yield  good 
water  and  henc^  are  rarely  or  never  used.  ^ 

The  water  system  in  South  Tacoma  is  owned  by  Calvin  Phillips  & 
Co.,  who  obtain  a  daily  supply  of  150,000  gallons  from  wells.  The 
water  is  free  from  any  contamination  and  is  quite  satisfactory.  The 
usual  depth  of  wells  about  South  Tacoma  is  40  to  50  feet.  The  wells 
penetrate  beds  of  gravel  and  sand  and  in  no  instance  reach  bed  rock. 

For  Sumner  the  water  is  obtained  from  a  spring  located  on  a  hill- 
side 1  mile  east  of  the  town.  The  spring  is  sufficiently  above  the  level 
of  the  town  to  give  a  good  head  to  the  water,  so  that  it  may  be  distrib- 
uted by  gravity.  The  supply  is  ample  for  present  needs,  and  there 
are  other  good  springs  near  by  which  may  be  utilized  in  the  future 
should  the  needs  of  the  town  so  demand.  No  wells  are  used  in  the 
valley  about  Sumner,  all  of  the  water  for  domestic  purposes  being 
piped  from  the  springs  on  the  hillsides  which  border  the  valley. 

The  city  of  Tacoma  obtains  its  water  supply  from  Clover  Creek  and 
some  springs.  From  the  former  the  major  portion  of  the  water  used 
in  the  city  is  obtained,  but  the  spring  water  is  more  satisfactory.  The 
quantity  obtained  is  hardly  sufficient  for  the  needs  of  the  city  and,  as 
additional  sources  of  supply,  three  deep  wells  are  being  drilled.  From 
the  creek  and  springs  water  is  pumped  into  reservoirs,  from  which  it 
is  distributed  by  gravity  throughout  the  city.  Tacoma  is  located  upon 
a  plain  composed  of  glacial  sediments,  till,  clay,  sand,  and  gravel, 
which  yiokl  an  abundant  supply  of  good  water.  The  depth  of  the 
wells  varies  from  30  to  100  feet.  In  general  the  water-bearing  strata 
are  overlain  by  clay  or  till,  so  that  surface  contamination  is  reduced 
to  a  minimum. 

A  sanitary  analysis  of  water  from  Clover  Creek  and  springs,  made 
February  23,  1901,  by  Prof.  II.  (}.  Byers,  of  the  Univei-sity  of 
Washington,  resulted  as  follows: 

Analysii<  of  nutter  from  Chvrr  Oreek  ami  sqrrmg^. 

[I*»irts  per  million.] 

Total  solidB 47.20 

Nonvolatile  solitls 25. 20 

Volatile  8oli<ls 22. 00 

Oxygen  consumed 6. 34 

Chlorine 4.  40 

Nitrogen  as  free  ammonia 035 

Nitrogen  as  albuminoid  ammonia 080 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates None. 
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Springs. — Near  the  town  of  Carbonado,  in  sec.  4,  T.  18  N.,  R.  6  E., 
the  water  issues  as  a  stream  from  some  gravel  beds  which  overlie  the 
coal  measures  at  this  place.  The  spring  yields  sufficient  water  to  sup- 
ply the  town  of  Carbonado  and  the  boilers  of  the  Carbon  Hill  Coal 
Company. 

The  Orting  Light  and  Water  Company  own  three  springs  in  sec.  29, 
T.  19  N.,  R.  5  E,  These  springs  are  small,  but  afford  enough  water 
to  supply  the  town  of  Orting.  They  are  located  upon  a  hillside,  where 
the  water  issues  as  small  streams  from  beds  of  sand  and  gravel.  The 
water  carries  a  little  sand  and  is  somewhat  muddy  after  hard  rains. 
The  flow  is  said  to  be  a  little  stronger  in  summer  than  in  winter. 

Maplewood  Springs  are  located  near  Puyallup,  in  sec.  32,T.  20  N., 
R.  4  E.  The  water  issues  in  streams  from  beds  of  gravel  at  the 
base  of  a  bluff.  The  flow  is  estimated  at  20,000,000  gallons  per  day. 
The  town  of  Puyallup  and  a  portion  of  Tacoma  are  supplied  with 
water  from  this  spring.     The  spring  is  owned  by  the  city  of  Tacoma. 

8AK  JUAN  COUXTY. 

General  statement, — San  Juan  County  comprises  a  group  of  islands 
lying  between  Whatcom  and  Skagit  counties  in  Washington  and  the 
island  of  Vancouver.  These  islands  have  rocky,  irregular,  deeply 
indented  shores  and  represent  the  tops  of  submerged  mountains.  The 
surface  of  some  of  the  islands  is  that  of  a  plain,  but  in  most  cases  there 
are  high  hills  or  semimountains.  The  principal  hills  are  on  Orcas 
Island,  the  highest  point.  Mount  Constitution,  rising  2,200  feet  above 
the  sea. 

Since  the  San  Juan  Islands  lie  to  the  leeward  of  the  mountains  of 
Vancouver  Island,  they  have  a  minfall  that  is  less  than  the  average  of 
western  Washington.  The  yearly  rainfall  is  between  30  and  35  inches. 
This  is  enough  to  support  but  a  modei-ate  forest  growth,  so  that  the 
trees  are  not  so  large  as  in  some  parts  of  the  SUite  and  there  is  but  a 
small  amount  of  undergrowth.  The  rainfall  is  ample  for  agricultural 
purposes  and  excellent  crops  are  raised. 

The  rocks  of  the  northernmost  islands  of  the  group  are  of  upper 
Cretaceous  age  and  are  a  part  of  the  coal -bearing  series  of  the  islands 
of  British  Columbia.  South  of  the  sedimentary  rocks  just  mentioned, 
and  forming  the  major  portion  of  the  islands,  are  metamorphic  and 
igneous  rocks  of  undetermined  age.  All  of  the  islands  have  l>een 
glaciated,  and  oftentimes  the  rocks  are  deeply  furrowed.  The  glaciers 
laid  bare  the  rocks  in  some  instances,  and  over  much  of  the  surface  but 
a  thin  soil  was  left.  The  area  of  tillable  land  is  thereby  largely 
reduced  and  limited  to  the  lower  valleys.  On  a  few  of  the  islands  the 
water  supply  fs  scant  and  the  problem  of  securing  water  for  domestic 
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purposes  is  a  difficult  one.  Only  a  meager  supply  of  surface  water  is 
obtained  because  of  the  scant  rainfall.  The  slight  depth  of  soil  makes 
it  necessary  to  dig  the  wells  in  bed  rock  in  most  places.  In  some 
instances,  however,  as  about  Friday  Harbor,  the  soil  is  of  sufficient 
depth  to  yield  a  water  supply  by  means  of  shallow  wells. 

Mmiidpal  nfysteins. — The  water  supply  for  Friday  Harbor  comes 
altogether  from  wells.  These  yield  water  of  good  quality,  which 
thus  far  has  l)een  quite  satisfactory.  The  wells  are  all  shallow,  not 
often  reaching  a  depth  exceeding  18  feet.  The  water  is  obtained 
from  beds  of  gravel.  These  are  overlain  by  clay,  thus  preventing 
surface  drainage  from  entering  the  wells.  A  good  water  supply  for 
the  town  of  Friday  Harbor  can  be  had  in  Sportsmans  Lake,  which  is 
Z\  miles  away  and  lies  at  an  elevation  of  about  75  feet  above  the 
town.     The  lake  covers  90  acres  and  is  fed  by  springs. 

8KA(aT  COUNTY. 

Oenet'al  stiitemeiit, — Skagit  County  is  in  the  northwestern  part  of 
the  State  and  lies  between  Whatcom  County  on  the  north  and  Snoho- 
mish County  on  the  south.  It  extends  from  Puget  Sound  on  the 
west  to  the  summit  of  the  Cascades  on  the  east.  The  coast  is  very 
irregular.  The  topography  of  the  western  part  of  the  county  is  that 
of  a  plain  lying  but  little  above  the  sea.  The  eastern  half  is  very 
rough  and  l)rokcn  and  embraces  some  of  the  most  rugged  portions  of 
the  Cascades.  A  prominent  feature  of  the  surface  is  the  great  valley 
of  Skagit  River,  which  has  an  east-west  course  through  the  county 
and  upon  the  broad  delta  of  which  the  principal  towns  are  located. 
Dikes  have  been  built  along  the  coast  and  the  lower  reaches  of  the 
river  to  keep  the  alluvial  plain  from  being  overflowed.  The  tide  runs 
up  Skagit  Kivor  for  about  20  miles. 

The  yearly  niinfall  varies  from  80  inches  along  the  coast  to  an 
average  of  50  inches  in  the  mountains.  Practically  all  of  the  region 
was  once  forest  covered,  and  the  cedars  of  the  Skagit  Valley  are 
among  the  largest  and  best  to  ])e  found  in  the  State.  The  timber  of 
the  broad  alluvial  plain  along  the  lower  course  of  the  river  has  been 
largely  removed  and  excellent  farms  have  taken  its  place.  The  most 
valuable  farm  land  in  the  State  is  found  here,  the  amount  of  rainfall 
and  the  excellent  (juality  of  the  soil  being  conducive  to  very  high 
agricultural  returns. 

In  the  region  south  of  Hamilton  and  immediately  about  Cokedale 
are  outcropping  Tertiary  sandstones  and  shales  which  are  coal  bearing 
and  in  which  coal  mines  have  been  opened.  The  extent  of  these 
sedimentary  areas  is  unknown,  since  they  are  largely  concealed  by 
the  alluvial  deposits  of  the  river,  glacial  sediments,  etc.     East  of 


LA!Ci>in.j  SKAGIT  COUNTY.  43 

Hamilton  is  a  north-south  belt  of  slates  and  schists  containing  small 
bodies  of  iron  ore.  Among  the  islands  at  the  western  end  of  the 
county  are  frequent  outcrops  of  slates,  schists,  and  other  metamorphic 
rocks.  Along  the  borders  of  the  valley  of  the  lower  Skagit  are  thick 
deposits  of  glacial  sediments,  from  which  water  is  often  obtained  by 
means  of  wells  and  springs.  The  towns  Imrated  in  the  valley  of  the 
Skagit  may  secure  supplies  of  water  either  from  the  springs  on  the 
adjacent  hillsides  or  from  shallow  wells  that  have  been  sunk  into  the 
sands  and  gravels  of  the  river  plain. 

Municipal  systems, — The  town  of  Anacortes  obtains  its  water  from 
Lake  Heart,  which  is  fed  by  springs.  The  lake  is  about  250  feet 
above  the  town,  so  a  gravity  system  of  waterworks  is  used.  Liake 
Heart,  although  now  supplying  enough  water  for  the  use  of  the  town, 
will  in  time  become  inadequate.  Other  desirable  sources  of  supply 
may  easily  be  found  in  Cranberry  and  Whistler  lakes,  which  lie  near 
the  town.  The  water  now  used  is  of  good  quality  and  is  quite  satis- 
factory. Some  of  the  wells  of  the  region  are  shallow,  but  the  best 
water  is  obtained  at  a  depth  of  about  80  feet.  Not  even  the  deepest 
wells  enter  bed  rock,  the  materials  passed  through  being  clay  above, 
with  beds  of  gravel  below. 

Hamilton  secures  its  water  supply  exclusively  from  wells.  These 
are  shallow,  since  the  town  is  located  on  the  flood  plain  of  Skagit 
River.  The  wells  range  in  depth  from  10  to  25  feet.  The  height 
of  water  in  the  wells  depends  upon  the  stage  of  water  in .  the  river. 
The  water  in  the  wells  all  comes  from  the  river  by  seeping  through 
the  coarser  materials  of  the  flood  plain.  In  each  well  a  lateral  move- 
ment of  the  water  in  the  same  direction  as  the  flow  of  the  river  may 
be  readily  seen. 

The  water  that  is  used  at  Laconner  is  brought  from  a  spring  by 
a  gravity  system.  The  water  is  of  good  quality,  and  is  ample  in 
amount  for  present  demands,  but  may  need  to  be  supplemented  in  the 
future. 

Water  for  the  use  of  the  town  of  Mount  Vernon  is  obtained  from 
a  large  spring.  From  the  spring  water  is  pumped  into  a  reservoir 
located  on  a  hill  above  the  town  and  is  then  distributed  by  gravity. 
The  water  is  very  pure,  there  being  no  sources  of  contamination, 
and  it  is  suflBcient  in  amount  for  present  and  future  needs.  The 
wells  of  the  region  range  in  depth  from  10  to  14  feet.  They  do  not 
enter  bed  rock,  but  are  altogether  in  the  alluvium  of  the  valley.  In 
some  instances  the  well  water  is  not  of  good  quality. 
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SKAMAKIA  COUNTY. 

General  statement. — Skaniania  County  lies  on  the  southern  Iwrder 
of  the  State,  south  of  Ijewis  County,  between  Yakima  and  Klickitat 
counties  on  the  east  and  Cowlitz  and  Clarke  counties  on  the  we^t.  The 
proportion  of  low  plain  to  high  mountain  is  less  than  in  any  other 
county  in  the  State.  With  the  exception  of  a  very  narrow  plain  along 
Cohimbia  River  the  entire  county  consists  of  ru|a:ia:ed  mountains  which 
have  a  genenil  lieight  of  alwut  6,0(K)  feet  above  sea  level.  From  east 
to  wo.st  tlie  <*<)unty  covers  very  nearly  the  entire  width  of  the  higher 
Cascades  in  this  part  of  the  State.  The  highest  point  is  Mount  St. 
Helens,  with  an  elevation  of  about  10,000  feet,  standing  near  the 
noithem  lx)r(ler  line.  St.  Helens  is  a  volcano  that  is  said  to  have 
shown  slight  signs  of  activity  since  white  settlers  first  came  to  Wash- 
ington.   It  has  suffered  but  little  erosion  and  is  symmetrical  in  outline. 

The  rainfall  ranges  from  60  inches  or  a  little  more  in  the  north- 
western part  to  40  inches  on  the  southeastern  border.  The  elevation 
is  such  that  the  rainfall  is  heavy.  It  should  be  noted,  however,  that 
not  all  of  the  precipitation  is  in  the  form  of  rain,  but  that  some  of  it, 
osixjcially  in  the  northwestern  part  of  the  county,  is  in  the  form  of 
snow.  WMth  the  exception  of  a  few  mountain  peaks  the  surface  is 
entirely  forested,  and  over  one-half  of  the  county  is  within  the  limits 
of  the  Mount  Rainier  Forest  Reserve. 

Little  is  known  of  the  geology  of  the  county.  Nothing  but  basalt, 
presumably  belonging  to  the  Columbia  River  lava,  appears  along 
Columbia  River.  About  15  miles  north  of  the  river,  northeast  of 
Skye,  ()utcro[)s  of  granite  occur.  These  outcrops  are  believed  to  ItK* 
at  the  southern  end  of  a  belt  of  gi-anite  which  runs  northward  through 
the  county,  passing  l)etween  Mount  St.  Helens  on  the  west  and  Mount 
Adams  on  tlu^  east.  The  warm  springs  which  occur  at  Cascades  seem 
to  indicate  that  tliere  tire  igneous  rocks  at  moderate  depths  in  that 
vicinity  which  are  not  yet  (Mitirely  cooled.  Very  little  information  is 
at  hand  regarding  the*  detjiils  of  the  water  resources  of  the  county, 
since  it  is  very  sparsely  peopled.  The  only  settlements  are  located  in 
the  immediate  vicinity  of  Columbia  River. 

Sjf rings, — Near  Cascades  post-otKce,  on  Columbia  River,  in  sec.  16, 
T.  2  N.,  R.  7  K.,  is  a  mineral  spring  owned  by  Thomas  Moffett.  The 
water  seeps  out  at  the  base  of  a  hill,  and  flows  25,000  gallons  daily, 
with  no  variation  from  season  to  season.  The  water  has  a  tempera- 
ture of  96^  F.  Gas  is  constantly  escaping  and  the  water  is  known  to 
carry  iron  and  sulphur.  At  the  spring  a  bath  house  and  a  hotel  of  25 
rooms  were  erected  some  years  ago.  Plans  have  been  drawn  for  a 
new  hotel  of  100  rooms,  new  bath  houses,  and  a  swimming  tank  60  feet 
long,  20  feet  wide,  and  7  feet  deep.     The  water  is  of  medicinal  value. 
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being  especially  healthful  in  diseases  of  the  stomach  and  kidneys. 
The  water  is  bottled  and  placed  on  the  market,  $1,200  worth  having 
been  sold  in  1902. 

SKOHOMI8H  COUNTY. 

General  statement. — Snohomish  County  is  located  in  the  northwest- 
ern part  of  the  State,  between  Skagit  County  on  the  north  and  King 
County  on  the  south,  and  extends  from  the  summit  of  the  Cascades  to 
the  shores  of  Puget  "Sound.  The  surface  of  the  western  third  of  the 
county  is  that  of  a  low  plain  either  level  or  covered  with  low  hills. 
The  eastern  two-thirds  has  a  mountainous  topography,  varying  from 
the  low  foothills  on  the  west  to  the  lofty  snow-  and  ice-covered  peaks 
on  the  main  divide.  The  mountains  have  been  trenched  by  Skykomish 
River  and  the  North  and  South  forks  of  the  Stilaguamish,  all  of  which 
flow  in  deep  valleys.  These  rivers  have  in  general  a  westerly  course, 
and  the  watersheds  are  separated  by  bold  spurs  which  extend  outward 
from  the  main  mountain  mass. 

There  is  a  considerable  difference  between  the  rainfall  of  the  lowlands 
along  the  coast  and  that  in  the  high  mountains.     Along  the  western 
border  of  the  county  the  annual  rainfall  averages  85  inches;  at  the  foot- 
hUls  of  the  mountains  it  is  50  inches;  while  within  the  mountains,  and 
especially  toward  the  eastern  summit,  it  reaches  60  inches  and  over.     In 
the  vicinity  of  Monte  Cristo,  about  Glacier  Peak,  and  elsewhere  in  the 
high  mountains  the  snowfall  is  very  heavy  and  great  fields  of  snow 
and  many  glaciers  are  the  result.     With  the  exceptions  of  the  high 
mountains  that  are  covered  with  snow  or  ice,  or  are  barren  of  soil, 
almost  all  parts  of  the  county  are  heavily  forested.     The  best  timber 
b  found  on  the  plains  and  the  low  hills  in  the  western  part  of  the 
county  and  in  the  larger  valleys  of  the  mountains.     The  northeastern 
part,  embracing  over  a  third  of  the  county,  is  included  in  the  Wash- 
ington Forest  Reserve. 

In  the  western  end  of  the  county  the  bed  rock  appears  at  very  few 
places  because  of  the  great  thickness  of  the  glacial  sediments.  There 
are  a  few  outcrops  of  Tertiary  sandstones  and  shales,  which  are  not 
coal  bearing,  as  far  as  observed.  The  mountainous  portion  is  com- 
posed of  a  great  complex  of  metamorphic  rocks  with  many  varie- 
ties of  extrusive  and  intrusive  igneous  rcx'ks.  The  water  supply  of 
the  county  is  obtained  in  part  irom  the  mountain  streams  and  in  part 
from  the  glacial  deposits,  in  the  latter  case  either  from  springs  or  by 
means  of  wells.  The  several  sources  afford  a  very  satisfactory  supply, 
and  there  is  no  part  of  the  county  that  is  not  abundantly  provided 
with  water  of  the  finest  qualitv. 

Municipal  systems, — The  town  of  Arlington  secures  water  from 
springs,  wells,  and  Stilaguamish  River.     Both  springs  and  wells  are 
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very  satisfactory,  a  large  supply  of  excellent  water  being  thus  obtained. 
The  wells  vary  in  depth  from  20  to  30  feet.  They  do  not  enter  the 
rock,  but  have  been  dug  wholly  in  clay,  sand,  and  gravel. 

Edmunds  secures  its  town  supply  of  water  almost  wholly  from 
springs,  only  a  few  wells  being  in  use.  The  springs  yield  a  supply 
that  is  satisfactory  in  both  quality  and  quantity.  A  gravity  system  of 
waterworks  is  used. 

Everett  obtains  a  supply  of  water  from  2  creeks,  one  flowing  within 

a  mile  and  the  other  within  2^  miles  of  the  city.     From  these  streams 

the  water  is  conveyed  through  pipes  of  22  and  8  inches  in  diameter  to  a 

reservoir  which  has  the  capacity  of  1,200,000  gallons.      From  the 

reservoir  the  water  is  distributed  by  a  gravity  system  throughout  the 

city.     The  water  is  free  from  contamination  and  highly  satisfactory 

in  every  way.     The  wells  in  the  region  about  Everett  vary  in  depth 

from  16  to  115  feet,  water  being  usually  found  at  about  100  feet.     The 

materials  penetrated  are  surface  soil,  glacial  till  or  hardpan,  and  finally 

sand  or  gravel,  which  yield  the  water.     Bed  rock  is  not  reached  even 

in  the  deepest  wells.     A  large  supply  of  good  water  may  be  obtained 

from  the  wells,  which  is  ample  in  quantity  for  domestic  demands.     The 

following  sanitary  analysis  of  the  city  water  of  Everett  was  made  by 

Prof.  H.  (j.  Byers,  of  the  University  of  Washington,  on  January  10, 

1901: 

Analysis  of  ciiy  waJUr  of  EvereU, 

[Parts  per  million.] 

Total  solids 300.  SO 

Nonvolatile  solids 252.  SO 

Volatile  solids 4S.  00 

()xyj?en  consumed 7. 27 

CJhlorine 4. 80 

Nitrogen  as  frei»  ammonia 0. 020 

Nitroj2:en  as  albuminoid  ammonia 0. 060 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates None. 

In  Marv.sville  the  water  supply  comes  exclusively  from  wells.  The 
wells  arc  all  shiillow,  since  the  town  is  located  on  the  flood  plain  of 
Snohomish  River.  The  water  is  soft,  of  good  quality,  and  satisfactory 
for  the  present,  at  least.  It  is  planned  to  use  at  some  future  time  the 
water  of  Lake  Stephens,  which  is  located  conveniently  near. 

The  water  supply  for  Monroe  is  obtained  from  two  small  creeks. 
In  this  way  very  pure  water  is  had,  and  in  quantity  sufBcient  for 
present  and  future  needs.  A  gravity  system  of  waterworks  is  in 
operation.  The  w^ells  are  from  18  to  50  feet  in  depth.  None  of  them 
enter  rock,  all  being  wholly  within  the  alluvial  materials  of  the  river 
valley.  An  analysis  of  water  from  the  Monroe  supply  was  made  by 
(t.  L.  Tanzor,  of  Seattle,  on  August  3,  1903.  He  found  that  there 
was  0.049  grain  of  solid  matter  in   1   liter  (33.81   fluid  ounces)  of 
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water.  A  qualitative  analysis  of  the  solid  matter  showed  it  to  con- 
tain magnesium  and  sodium  chlorides,  with  a  trace  of  calcium  car- 
bonate. No  ammonia,  nitrogeneous  matter,  iron,  or  silicates  were 
found. 

Monte  Cristo  obtains  a  water  supply  from  a  mountain  stream,  using 
a  gravity  system.  The  water  comes  directly  from  the  snow  fields 
near  by  and  is  very  cold  and  pure.  The  quantity  is  greater  in  autumn 
and  spring  than  in  other  seasons,  but  probably  will  always  be  equal  to 
every  demand.  Besides  its  uses  as  a  domestic  and  boiler  supply  it  is 
also  used  in  an  ore  concentrator. 

The  water  supply  of  Silverton  comes  from  mountain  streams  which 
head  in  the  fields  of  snow  and  ice  near  the  town.  The  water  is  there- 
fore of  exceptional  purity  and  may  be  had  in  quantity  sufiicient  for 
all  possible  needs.  It  is  used  as  a  domestic  supply,  for  water  power, 
and  in  concentrating  ore. 

Snohomish  secures  its  supply  from  Pilchuck  River,  a  stream  heading 
to  the  east  in  the  Cascade  Mountains.  The  water  is  pumped  into  a 
reservoir  having  a  capacity  of  500,000  gallons  and  is  then  distributed  by 
gravity.  There  are  no  sources  of  contamination  and  the  water  is  of 
good  quality.  The  quantity  is  sufficient  for  all  future  needs.  The 
wells  about  Snohomish  range  in  depth  from  15  to  55  feet.  In  digging 
the  wells  glacial  till  or  hardpan  is  first  passed  through,  and  the  water 
k  obtained  from  the  beds  of  gravel  that  lie  below.  The  following 
sanitary  analysis  of  water  from  the  city  supply  was  made  by  Prof.  H.  G. 
Byers,  of  the  University  of  Washington: 

Analysis  of  city  water  from  Snohomish. 
[Parts  per  million.] 

Total  floUda 41.50 

Nonvolatile  solids 23.22 

Volataesolidfi 18.28 

Oxygen  consumed 3. 75 

Chlorine 4.00 

Nitrogen  as  free  ammonia 010 

Nitrogen  as  albuminoid  ammonia 093 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 400 

SPOKANE  COUNTY. 

General  statemerU. — Spokane  County  lies  in  the  extreme  eastern 
part  of  the  State,  with  Stevens  Coimty  on  the  north,  Lincoln  County 
on  the  west,  and  Whitman  County  on  the  south.  In  the  main  the 
surface  is  that  of  a  plateau,  with  an  average  height  of  about  2,000  feet 
above  the  sea.  The  only  exceptions  to  the  plateau  aspect  to  be  noted 
are  the  mountains  in  the  northeast  corner,  of  which  Mount  Carl- 
ton is  the  highest,  and  the  high  hills  or  low  mountains  in  the  south- 
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eastern  pai-t  along  the  Idaho  boundary.  The  principal  stream,  Spokane 
River,  flows  in  a  broad,  shallow  valley  from  the  eastern  border  of  the 
county  to  the  city  of  Spokane;  at  this  point  it  enters  a  canyon^  of  very 
moderates  depth  at  Hrst,  but  gi'adually  deepening  as  the  river  flows 
northwestward  to  join  the  Columbia. 

The  avemge  rainfall  is  about  20  inches  per  year.  The  precipitation 
on  the  western  border  is  somewhat  less  than  this,  while  on  the  eastern 
side  it  is  a  little  more.  The  result  is  that  in  a  general  way  the  eastern 
half  of  the  county  is  forested,  while  the  western  half  is  a  prairie.  The 
gnissy  plains  have  ))een  largely  replaced  by  wheat  fields,  since  the 
rainfall  is  always  ample  to  secure  a  crop  of  this  cereal.  The  forest 
growth  is  rather  sparse,  the  trees  ai"e  of  only  moderate  size,  and  there 
is  little  undergrowth. 

Spokane  County  lies  partly  within  the  Columbia  River  lava  field, 
the  bed  roc^k  of  the  southwestern  half  being  basalt.  As  this  is  the 
border  line  of  the  lava  field  the  basalt  is  comparatively  thin  and  the 
underlying  rocks  occasionally  appear  through  it.  The  northwestern 
part  of  the  county  is  chiefly  a  granite  region,  with  occasional  areas  of 
gneiss  and  schist.  Among  these  rocks  basalt  often  appears  in  the 
form  of  narrow  tongues  which  have  extended  outward  from  the  main 
mass  of  lava.  The  valley  of  Spokane  River  in  Glacial  time  was  almost 
entirely  tilled  by  a  gravel  traiji,  onl}'  a  minor  portion  of  which  has 
been  reinovod.  At  Spokane  Falls  is  a  jutting  ledge  of  basalt,  and  the 
river  drops  180  foot.  Within  the  gmvels  and  sands  of  the  riv^er  val- 
leys good  water  is  obtaiiu^d  by  means  of  deep  wells.  Upon  the  lava 
plateau  domestic  supplies  of  water  are  secured  from  wells  ranging 
from  ;^0  to  185  feet  in  depth.  Some  of  the  basalt  is  porous,  and 
whore  such  rock  outcrops  along  the  ]>ases  of  hills  springs  are  often 
found. 

MHn!e!j>iil  .S7/.V// ///.s.  -C'henoy  obtiiins  a  water  supply  from  a  lake  and 
from  wells.  The  lak(»  supply  is  the  more  commonly  used,  but  water 
from  the  wells  is  more  satisfactory.  An  ample  amount  is  secured  for 
the  present  and  doubtless  for  all  future  needs.  A  direct  pressure  sys- 
tem of  waterworks  is  in  use.  The  wells  vary  from  30  to  50  feet  in 
depth,  water  being  most  commonly  found  at  40  feet.  They  all  enter 
basalt  after  passing  through  a  layer  of  clay  at  the  surface.  Very  good 
water  is  secured.  The  watc^r  level  scarcely  varies  from  season  to  sea- 
son, and  is  not  atfected  by  pumping. 

The  town  of  Medical  Lake  secures  water  from  Clear  Lake,  located 
8i  miles  to  the  south.  The  water  is  hard,  but  quite  satisfactory  other- 
wise. A  supply  sufficient  for  all  possible  demands  may  be  obtained. 
In  the  wells  about  Medical  Lake  water  is  usually  found  at  a  depth  of 
15  feet;  but  the  nrngc*  of  depth  of  the  wells  is  f  I'om  10  to  40  feet.  The 
wells  are  all  in  basalt,  the  porous  or  scoriaceous  layers  of  the  rock 
being  water  bearing. 
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An  analysis  of  the  water  of  Medical  Lake,  made  by  G.  A  Mariner, 
of  Chid^o,  is  as  follows: 

AncUygis  ofwcUer  of  Medical  Lake, 

[Parts  per  thousand.] 

Silica 0.1826 

Alumina  and  iron  oxide 0120 

Oaldnm  carbonate 0031 

Magneaiam  carbonate 0040 

Sodium  chloride 2809 

Potaanum  chloride 1616 

Sodiom  carbonate 1089 

PotaflBiam  carbonate Trace. 

lithiom  carbonate Trace. 

Borax Trace. 

Hillyard  obtains  a  supply  of  water  from  deep  wells.  These  are  com- 
monly from  190  to  200  feet  in  depth  and  are  wholly  in  gravel.  The 
water  is  soft  and  of  the  best  quality.  The  supply  at  present  is  suffi- 
cient for  all  needs,  but  it  is  doubtful  if  it  will  be  ample  for  the  future. 

Latah  uses  wells  exclusively  as  a  source  of  water  supply.  Later  on 
water  may  be  taken  from  a  large  spring  above  the  town.  The  wells 
are  shallow,  as  a  rule,  varying  in  depth  from  25  to  40  feet.  They 
enter  rock,  and  a  layer  of  clay  at  the  surface  tends  to  prevent  contam- 
ination from  above.  The  water  level  varies  but  little  throughout  the 
year.     One  well  sunk  to  a  depth  of  135  feet  flows  constantly. 

The  city  of  Spokane  obtains  its  supply  of  water  from  Spokane  River. 
The  pumping  plant  is  on  the  river  bank  about  5  miles  above  the  city. 
A  direct  preasure  system  of  waterworks  is  used.  There  are  no  sources 
of  contamination  and  the  water  is  of  a  high  degree  of  purity,  as  well  as 
ample  in  quantity  for  all  probable  future  needs. 

The  following  sanitary  analysis  of  city  water  from  Spokane  was 
made  on  April  23,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of 
Washington: 

Sanitary  analysis  of  city  water  from  Spokane. 
[Parts  per  million.] 

Total  solids 50.24 

Nonvolatile  sol id« 34.43 

Volatile  solids 15.81 

Oxygen  consumed ^ 2. 13 

Chlorine 1.50 

Nitrogen  as  free  ammonia 004 

Nitrogen  as  albuminoid  ammonia 0363 

Nitrogen  as  nitrites None. 

I  nitrates 018 


Deep  wells. — The  Hillyard  Town  Site  Company  has  a  well  which  is 
used  to  supply  the  town  of  Hillyai*d  with  water.     It  has  a  diameter  of 

IBB  111—06 i 


60  UNDERGROUND    WATERS   OF   WASHINGTON.  [no.IU. 

14  inchen  and  a  depth  of  200  feet.  It  was  dug  in  1900  at  a  cost  of 
^00.  The  amount  of  water  obtained  is  about  50,000  gallons  per  day. 
The  water  level  in  the  well  rises  and  falls  with  the  water  level  of 
Spokane  River,  which  flows  not  far  away. 

Sprinfjs. — William  Forthman  owns  a  spring  near  Latah,  in  sec.  26, 
T.  21  N.,  R.  45  E.  The  water  issues  as  a  small  stream  at  the  foot  of  a 
hill.  The  spring  has  a  minimum  flow  of  720  gallons  per  day  and  is 
much  stronger  in  the  springtime.  The  water  is  soft,  clear,  and  of 
excellent  quality.  It  is  used  for  general  farm  purposes.  In  the 
vicinity  of  Latah  are  a  number  of  large  springs. 

STEVENS  COUNTY. 

General  staienumL — Stevens  County  lies  in  the  northeast  corner  of 
the  State,  bordering  on  Idaho  and  British  Columbia.  The  surface  is 
charac^terized  by  three  conspicuous  mountain  ridges  and  three  north- 
south  valleys.  The  ridges  lie  between  Columbia  and  Colville  rivers, 
between  Colville  and  Pend  Oreille  rivers,  and  east  of  the  latter  stream 
along  the  county  boundary.  Of  the  three  ridges  the  first  one  men- 
tioned is  the  lowest,  with  an  average  height  of  about  4,500  feet.  The 
second  and  third  ridges  have  a  maximum  elevation  of  about  7,000  feet. 
Columbia  River  flows  in  a  deep  valley  that  is  usually  bordered  by 
glacial  terraces.  The  valley  of  Colville  River  is  wide  and  the  stream 
has  an  extensive  flood  plain,  which  overflows  at  certain  seasons  of  the 
year.  For  the  first  50  miles  of  its  course  within  the  county  Pend 
Oreille  River  flows  very  slowly,  in  a  broad  valley  that  is  bordered  with 
much  agricultural  land;  farther  down  the  stream  crosses  a  belt  of 
harder  rocks,  in  which  it  flows  in  a  long,  tortuous  canyon. 

The  rainfall  averages  about  20  inches  per  year.  This  is  sufficient  to 
p<Minit  of  agriculture  without  irrigation.  Practically  the  entire  county 
was  once  forested,  although  the  region  seems  to  be  near  the  border 
land  of  forest  and  prairie.  The  trees  do  not  grow  very  near  together 
and  the  undergrowth  is  very  scant.  Asa  rule  the  grasses  grow  every- 
where among  the  trees.  The  forest  is  being  removed  at  a  mpid  rate, 
the  demands  of  the  lumbermen  on  one  hand  and  of  the  farmei's  on  the 
othiM'  tending  toward  the  deforesting  of  the  county  in  a  comparatively 
short  time. 

Stevens  County  is  largely  a  region  of  crystalline  rocks.  The  north- 
south  ridges  between  the  principal  streams  are  composed  chiefly  of 
granite.  Flanking  the  granites  and  within  the  valleys  are  large  areas 
of  marbles,  (juartzites,  slates,  and  other  metamorphic  rocks.  The 
marl)les  occur  very  generally  throughout  the  county  and  are  of  eco- 
nomic importance  both  as  an  ornamental  stone  and  for  the  manufacture 
of  quicklime.  At  several  places  are  outcrops  of  coal-bearing  sand- 
stones and  shales,  which  represent  remnants  of  lacustrine  sediments  of 
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Tei-tiary  time.  The  bat^alt  of  the  Columbia  River  lava  extends  a  little 
way  into  the  county  along  the  southern  boundary.  The  towns  depend 
for  the  most  part  upon  streams  for  their  water  supplies.  The  water 
in  virtually  every  stream  is  free  from  contamination  and  is  of  excellent 
quality.  In  general,  the  soil  is  of  suflScient  thickness  to  contain  enough 
water  for  the  domestic  supplies  needed  in  the  smaller  towns  and 
through  the  country.  The  wells  for  the  most  part  are  shallow  and  do 
not  often  exceed  40  or  50  feet  in  depth. 

Municipal  systems. — Bossburg  secures  water  from  Columbia  River, 
beside  which  the  town  is  situated.  The  water  is  pumped  into  a  res- 
er\-oir,  from  which  it  is  distributed  about  the  town  by  gravity.  The 
siupply  is  satisfactory  in  every  way.  There  are  no  wells  about  Boss- 
burg, but  there  are  some  springs  which  are  utilized. 

Colville  depends  mainly  upon  springs,  but  in  part  upon  two  streams, 
for  its  water  supply.  The  water  from  all  of  these  is  of  fine  quality, 
there  being  no  sources  of  contamination.  A  gravity  system  of  water- 
works has  been  installed.  The  wells  about  Colville  range  in  depth 
from  10  to  30  feet,  the  usual  depth  being  20  feet.  The  water  comes 
from  beds  of  sand,  which  are  overlain  by  clay. 

Water  for  Marcus  is  taken  from  Columbia  River.  The  water  is 
satisfactory  from  all  standpoints.  The  wells  vary  from  18  to  60 
feet  in  depth.  Beds  of  clay  are  first  penetrated,  then  sand,  and  finally 
gravel. 

Northport  obtains  its  water  supply  from  Deep  Creek,  a  small  stream 
emptying  into  Columbia  River.  There  are  no  sources  of  contamination, 
and  the  water  is  satisfactory,  although  very  hard.  A  large  amount  may 
be  secured,  sufiicient  for  all  future  ne^ds.  The  water  is  first  pumped 
into  tanks  which  stand  upon  a  hill  above  the  town  and  is  then  distrib- 
uted by  gravity.  Besides  its  domestic  use  it  is  also  used  as  a  boiler 
impply  by  the  Northport  Smelting  and  Refining  Company. 

The  water  for  Springdale  is  taken  from  a  mountain  stream.  The 
spring  flows  for  some  distance  over  limestone,  hence  the  water  con- 
tains some  lime.  The  supply  is  believed  to  l)e  suflScient  for  all  future 
needs.  A  gravity  system  of  watei*works  is  in  use.  The  wells  about 
Springdale  range  from  30  to  100  feet  in  depth,  water  being  commonly 
found  at  depths  of  40  to  60  feet.  The  more  shallow  wells  are  wholly 
in  the  soil  or  mantle  rock,  but  the  deeper  wells  all  enter  bed  rock. 

Deep  weUs.^ln  sec.  9,  T.  35  N.,  R.  39  E.,  near  Colville,  the  Pacific 
States  Oil  Compan}^  drilled  a  well  in  1901  when  prospecting  for  oil. 
The  total  depth  reached  was  about  700  feet.  At  the  top  the  well  has 
a  diameter  of  10  inches,  at  the  bottom  0  inches.  A  water-bearing 
stratnm  was  reached  at  400  feet,  and  water  now  flows  from  the  well 
mouth  at  the  rate  of  3  or  4  gallons  per  minute.  The  cost  of  the  well 
was  $3,000.  In  drilling  the  well,  beds  of  limestone,  sandstone,  lime- 
stone, shale,  and  sandstone  were  passed  through  in  succession. 
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THUBSTON  COUNTT. 

Qeneral  statement. — Thurston  Oounty  is  located  in  the  southwestern 
portion  of  the  State,  at  the  head  of  Puget  Sound,  with  Chehalis  County 
lying  between  it  and  the  Pacific  Ocean.  The  county  lies  entirely 
within  the  basin  of  Puget  Sound  and  the  surface  is  essentially  that  of 
a  low  plain.  For  the  most  part  the  plain  is  quite  level,  with  here  and 
there  occasional  low  hills.  In  the  western  part  of  the  county  the  Black 
Hills  rise  300  or  400  feet  above  the  general  level.  In  the  southeastern 
part  of  the  county  there  are  a  few  low  hills  which  mark  the  extreme 
outliers  of  the  Cascades.  The  Puget  Sound  shore  is  very  irregular, 
abounding  in  indentations  and  bordered  by  numerous  islands. 

In  the  central  part  of  the  county  the  annual  rainfall  averages  50 
inches.  In  the  eastern  and  western  parts  it  is  60  inches  or  a  little 
more.  The  precipitation  is  practically  altogether  in  the  form  of  rain, 
since  falls  of  snow  occur  very  rarely. 

The  bed  rock  is  not  often  exposed  in  Thurston  County.     In  the 
neigh )x)rhood  of  Tenino  and  Bucoda  there  are  occasional  outcrops  of 
sandstone,  which  are  of  economic  importance,  as  they  afford  a  good 
grade  of  building  stone,  and  also  contain  coal,  which  has  been  mined 
to  some  extent.    In  the  northwestern  part  of  the  county,  at  Gate,  there 
are  several  outcrops  of  basalt,  but  how  far  north,  within  the  Black 
Hills,  this  rock  extends  is  not  known.     Glacial  sediments  abound 
ov(M*  nearly  the  ontire  county.     These  sediments  are  usually  coarse 
gravels  which  represent  outwash  plains.     Oftentimes  the  gravel  plaints 
arc  soil  covered  to  such  a  slight  degree  that  they  are  almost  barren. 
Tpon  the  plains  the  forest  growth  when  present  is  very  sparse  and 
prairie  conditions  often  prevail.     The  rainwater  sinks  away  quickly 
into  the  gnivels  and  the  dminage  is  largely  underground.    The  streams 
are  few,  only  the  larger  ones  flowing  persistently  throughout  the  yeiir. 
()c(*asionally  a  good  soil  covers  the  gravel  plains  and  good  farming 
land  is  found.     The  hills  noted  above  are  heavily  forested,  and  from 
tht»m  several  streams  flow  out  upon  the  plains.     An  ample  supply  of 
water  is  easily  ol)tained  throughout  the  county.     Within  the  region 
of  the  gravel  plains  water  is  often  obtained  from  springs  and  may 
always  be  had  by  means  of  wells,  which  rarely  exceed  50  feet  in  depth. 
From  the  beds  of  sjind  and  gmvel  in  the  vicinity  of  Olympia  excellent 
water  has  ])een  obtained  from  wells  that  vary  from  125  to  175  feet  in 
depth,  the  water  sometimes  outflowing  at  the  surface. 

Mmm'ipal  sijstenis, — The  wat(M*  supply  for  Olympia  is  obtained  from 
springs.  The  water  is  pumped  into  a  reservoir,  from  which  it  is  dis- 
tributed by  a  gi-avity  system.  At  the  present  time  about  3,0<H),000 
gjillons  per  day  are  obtained.  This  will  doubtless  prove  sufficient  for 
all  future  needs. 
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The  Tenino  water  supply  comes  entirely  from  wells,  which  have  an 
averaf^  depth  of  about  35  feet  and  are  wholly  in  sand  and  gravel. 
The  supply  of  water,  while  ample  for  present  needs,  will  doubtless  have 
to  be  superseded  by  a  larger  supply  in  the  future. 

Deep  todls, — On  the  capitol  grounds  in  Olympia  some  wells  have 
recently  been  drilled  in  order  to  secure  a  water  supply  for  the  capitol 
building.  No  rock  was  penetrated  in  drilling  the  wells,  the  water- 
bearing material  being  sand.  Two  of  these  wells  have  depths  of  152 
feet  each,  and  the  third  has  a  depth  of  138  feet.  Each  well  has  a 
diameter  of  2  inches.  They  are  all  flowing  wells,  the  water  rising 
about  2  feet  above  the  ground.  From  the  deeper  wells  flows  of  6  and 
4  gallons  per  minute  are  obtained,  while  from  the  third  well  a  flow  of 
2  gallons  per  minute  is  had.  The  wells  are  located  about  one-fourth 
mile  from  the  shore  of  Puget  Sound  and  their  mouths  are  25  or  80 
feet  above  mean  tide.  The  rate  of  flow  diminishes  at  low  tide  and 
increases  at  high  tide.  The  wells  have  been  cased  throughout  with 
2-inch  casing.     The  cost  of  drilling  the  wells  was  $1  per  foot. 

WAIilJLWAIiliA  COUNTY. 

General  statement — Wallawalla  County  is  located  in  the  south- 
eastern part  of  the  State,  along  the  Oregon  boundary,  and  east  of 
Columbia  and  Spokane  rivers.  The  region  along  Columbia  River  is 
very  low,  being  but  800  or  400  feet  above  the  sea.  From  this  low 
plain  there  is  a  gradual  ascent  eastward  in  the  direction  of  the  Blue 
Mountains.  The  eastern  part  of  the  county  is  a  region  of  high,  rolling 
hills,  with  deep  ravines  or  valleys.  The  hills  in  outline  show  the 
influence  of  the  wind,  and  many  of  them  are  essentially  of  eolian 
origin.  The  prevailing  winds  are  from  the  southwest,  and  hence  the 
hills  have  their  more  moderate  slopes  upon  their  southwestern  sides, 
while  their  steeper  slopes  are  to  the  northeast. 

The  rainfall  shows  a  very  close  relationship  to  elevation.  In  the 
lowest  part,  along  Columbia  River,  the  annual  rainfall  amounts  to  10 
inches  or  a  little  less.  In  a  north-south  belt  through  the  center  of 
the  county  it  is  15  inches,  and  in  tht>  eastern  part  it  reaches  20  or  25 
inches.  This  is  suflicient  to  afford  a  tree  growth  which,  though 
sparse  at  first,  becomes  of  considerahl«».  importance  w^hen  the  summit 
of  the  Blue  Mountains  is  reached.  Through  the  central  psLVt  of  the 
county  trees  do  not  grow  naturally,  and  prairie  conditions  prevail.  At 
the  western  end  of  the  county,  where  the  rainfall  is  least,  grasses  give 
way  to  sagebrush.  In  this  part  of  the  county  irrigation  is  necessary 
in  order  that  agriculture  may  be  carried  on  successfully.  The  rolling 
prairies  of  the  major  portion  of  the  county  are  famous  wheat  pro- 
ducers, and  in  the  neighborhood  of  Walla  Walla  very  fine  fruit  is 
raised. 
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In  the  northwestern  part  of  the  county  the  rocks  are  in  the  main 
sandstones  and  shales,  which  were  deposited  in  a  lake  in  middle  Ter- 
tiary time.  Along  the  Snake  and  the  Columbia  these  rocks  are  largely 
covered  by  alluvial  deposits.  In  the  remaining  part  of  the  count}^  the 
bed  rock,  as  far  as  known,  is  altogether  basalt.  Usually  the  rock  is 
deeply  buried  ])y  the  heavy  mantle  of  soil,  and  outcrops  but  rarely. 
Springs  often  occur  along  the  bases  of  the  hillsides,  wherever  porous 
bjisalt  appears  at  the  surface.  The  wells  are  usually  shallow  and  dug 
entirely  within  the  soil.  The  deep  well  which  has  recently  been  drilled 
near  Walla  Walla  is  of  great  importance,  since  it  has  established  the 
fa(^t  that  an  artesian  basin  exists  here,  and  that  flowing  water  may  lie 
secured  at  depths  of  from  500  to  600  feet. 

Municipal  systefnfi. — The  water  supply  of  Walla  Walla  is  secured 
chiefly  from  springs,  but  in  part  from  infiltration  ditches.  The  amount 
of  water  is  barely  suflScient  in  the  dry  season,  and  a  larger  supply  is 
now  being  developed  at  a  point  about  3  miles  above  the  city. 

A  sanitary  analyses  of  the  Walla  Walla  city  water,  made  on  April 
12,  1901,  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington, 
re^sulted  as  follows: 

Sanitary  analysis  of  cUy  vHiter  from  Walla  Walla, 

[PartA  per  million.] 

Total  solids 81.67 

Nonvolatile  solids 62. 86 

Volatile  solids : IS.  81 

Oxygen  consumed 2. 89 

Chlorine 1.50 

Nitrogen  as  free  anionia 008 

Nitrogen  as  albuminoid  ammonia 0267 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates 452 

Waitsburg  obtains  a  water  supply  from  springs  in  autumn,  winter, 
and  spring,  and  from  a  creek  in  summer.  The  springs  afford  excellent 
water,  and  it  is  planned  to  replace  the  creek  water  })y  water  from  deep 
wells.  A  gravity  system  of  waterworks  is  in  use.  The  wells  about 
Waitsburg  vary  in  depth,  the  shallow  ones  being  wholly  in  soil  and 
broken  rock,  while  the  deeper  ones  enter  the  l>ed  rock.  In  wells  of 
the  first  type  water  is  usually  found  at  15  to  25  feet,  while  in  the 
second  instance  the  usual  depth  is  40  feet. 

Dtejf  welh. — On  the  farm  of  the  Blalock  Fruit  Company,  near  Walla 
Walla,  a  well  has  recently  been  drilled  (completed  May  1,  1903).  It 
has  a  diameter  of  G  inches  and  a  depth  of  564  feet.  The  first  rock 
encountered  was  basalt,  at  a  depth  of  540  feet.  The  well  is  a  flowing 
one,  the  rate  of  flow  being  130  gallons  per  minute.  The  temperature 
of  the  water  at  the  well  mouth  is  67'  F.  The  well  has  been  cased  to  a 
depth  of  540  feet.  The  water  is  used  in  irrigation.  The  cost  of  drill- 
in^  the  well  was  $1,800. 
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WHATCOM  COITNTY. 

Oeneral  staiement, — Whatcom  County  lies  in  the  northwestern  (Vart 
of  the  State,  adjoining  British  Columbia,  and  extends  from  the  summit 
of  the  Cascades  to  the  Strait  of  Georgia.  Topographically  the  surface 
presents  two  distinct  divisions,  the  plain  of  the  western  half  and  the 
high  mountains  of  the  eastern  part.  The  average  height  of  the  plain 
is  200  or  300  feet  above  the  sea.  In  the  southeastern  part  of  the 
county  are  a  number  of  high  hills,  which  give  to  the  plain  a  broken 
character.  The  mountains  begin  somewhat  abruptly,  the  transition 
from  the  plain  to  the  real  mountains  being  quickly  made.  The  highest 
peak,  Mount  Baker,  stands  at  the  western  front  of  the  Cascades,  and 
from  this  point  to  the  divide  on  the  east  the  whole  area  is  very  rugged. 
The  high  mountains  have  been  deeply  dissected,  and  this  region  is 
regarded  as  one  of  the  most  difficult  to  penetrate  in  the  entire 
Cascades. 

The  maximum  rainfall  is  45  inches  per  year.  This  occurs  in  a 
north-south  belt  in  the  vicinity  of  Mount  Baker  and  also  in  the  north- 
west comer  of  the  coimty.  From  Mount  Baker  eastward  there  is  a 
gradual  decrease  in  the  rainfall,  so  that  the  amount  is  about  30  inches 
on  the  border  of  the  county.  Southwest  of  Mount  Baker,  also,  the 
rainfall  decreases  to  35  inches  in  the  vicinity  of  Bellingham  Bay. 
Mount  Baker  and  all  of  the  highest  mountains  are  covered  with  snow 
fields  and  glaciers.  These  servo  as  reservoirs  and  assure  a  constant 
flow  to  the  streams  throughout  the  year.  The  abundance  of  precipi- 
tation and  the  great  elevations  of  the  region  give  rise  to  waterfalls, 
which  will  be  of  great  usefulness  for  power  purposes.  The  falls  of 
the  Nooksack,  with  an  effective  head  of  water  of  179  feet,  are  now 
being  developed. 

What  is  now  the  western  part  of  the  county  was  a  large  lake  in 
Tertiary  (probably  Oligocene)  time.  The  deposits  made  in  this  lake 
were  mainly  sandstones,  with  some  conglomerate  and  a  little  shale. 
These  rocks  outcrop  very  commonly  in  the  southeastern  part  of  the 
county,  but  in  the  northwestern  portion  they  are  almost  entirely 
covered  with  glacial  sediments.  The  lacustrine  sediments  aggregate 
many  thousands  of  feet  in  thickness,  their  extent  in  this  direction 
being  as  yet  unknown.  They  are  coal  bearing  near  the  base.  The 
principal  mines  for  the  mining  of  this  coal  are  located  at  Blue  Canyon, 
on  the  shore  of  Lake  Whatcom.  The  mountainous  part  of  the  county 
is  virtually  unknown  geologically,  but  the  rocks  are  chiefly  metamor- 
phics  and  igneous  intrusions,  with  great  lava  flows  in  the  vicinity  of 
Mount  Baker. 

Whatcom  County  is  abundantly  supplied  with  water.  The  moun- 
tain streams  furnish  a  large  amount  of  excellent  water  for  the  use  of 
the  towns  upon  the  plains.     There  are  also  a  number  of  glacial  lakfiiig 
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such  as  Whatcom,  Padden,  and  Samish,  which  are  natural  reservoirs 
of  good  water.  From  the  glacial  sediments  of  the  northwestern  part 
of  the  county  large  quantities  of  water  are  obtained  from  springs  or 
by  means  of  wells.  The  glacial  sediments  are  usuall}^  made  up  of 
alternating  beds  of  till  and  water-bearing  gravel  and  sand,  and  sur- 
face contamination  is  thereby  eliminated. 

Mimwipal  systeins. — The  water  supply  for  Blaine  comes  from 
springs.  The  water  flows  into  a  reservoir,  from  which  it  is  distributed 
by  gravity.  The  quality  of  water  is  very  good,  and  the  quantity 
sufficient  for  all  future  needs.  The  wells  in  use  about  Blaine  are 
shallow,  ordinarily  not  more  than  14  feet  in  depth.  Water  is  found 
in  gravel,  usually  at  a  depth  of  10  feet.  The  town  supply  is  used  in 
the  boilers  of  sawmills,  and  in  the  salmon  canneries,  and  for  general 
domestic  purposes. 

Fairhaven  obtains  a  water  supply  from  Lake  Padden,  a  glacial  lake 
south  of  the  city.  A  gravity  system  of  waterworks  is  used.  A  large 
amount  of  water  may  be  obtained  from  this  lake,  but  if  the  supply 
should  ever  be  insufficient  water  may  also  be  taken  from  the  South 
Fork  of  Nooksak  River  or  from  Lake  Samish.  The  water  from  Lake 
Padden  is  very  pure,  as  is  shown  by  the  following  analysis,  made  by 
the  Deakbof  Drug  and  Chemical  Company,  of  Chicago: 

Analyeis  of  water  from  Lake  Padden, 
[Grains  per  gallon.] 

Silica 0.467 

Calcium  sulphate 329 

Magnesium  carbonate 129 

Sodium  and  potassium  sulphates 606 

Sodium  and  potassium  chlorides 401 

Iron  oxide None. 

Total  solids 1. 932 

In  Sunias  wells  are  depended  upon,  primarily,  as  a  source  of  water 
supply,  although  some  small  streams  are  used  to  a  slight  degree. 
Water  obtained  in  this  way  is  of  good  quality,  although  the  quantity 
is  hardly  sufficient  for  present  needs,  and  some  other  source  must  be 
provided  in  the  future.  It  has  been  suggested  that  a  deep  well  be 
bored  as  a  future  source  of  supply.  Wells  in  and  about  the  town  of 
Sumas  are  driven  wells,  for  the  most  part,  and  have  a  range  in  depth 
of  40  to  90  feet.  Water  is  most  commonly  found  between  40  and 
60  feet.  The  glacial  sediments  about  Sumas  are  thick,  and  the  wells 
have  been  driven  entirely  in  these.  Beds  of  clay  were  usually 
encountered  first,  with  beds  of  sand  and  gravel  below,  from  which  the 
water  was  obtained.  In  a  few  instances  the  water  in  the  wells  rises 
to  the  surface.  The  water  level  varies  but  very  little  from  season  to 
season. 
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The  city  of  Whatcom  obtains  its  water  supply  from  Lake  Whatcom. 
The  lake  is  several  square  miles  in  area  and  is  located  in  the  hills 
southwest  of  the  city.  It  lies  at  a  sufficient  height  above  the  level  of 
the  town  to  give  a  good  head  to  the  water,  so  that  a  gravity  system 
of  waterworks  may  be  used.  The  water  is  of  excellent  quality,  the 
only  sources  of  contamination  being  sawdust  and  other  refuse  from 
the  sawmills  on  the  shores  of  the  lake.  The  catchment  basin  of  the 
lake  is  of  ample  size  and  insures  a  large  storage  of  water  in  the  lake 
basin,  so  that  the  water  supply  will  be  sufficient  for  all  the  future  needs 
of  the  city.  The  water  is  used  for  domestic  purposes  and  in  the  many 
manufacturing  plants  which  are  located  about  Whatcom.  The  follow- 
ing sanitary  analysis  of  water  from  Lake  Whatcom  was  made  March  16, 
1901,  by  Prof.  H.  (t.  Byers,  of  the  University  of  Washington: 

Analygis  of  water  of  Lake  Wluitcom. 

[Parts  per  million.] 

Total  eoUdfl 168.  S6 

Nonvolatile  soiids 116. 52 

Volatile  solida 42.34 

Oryjsen  consumed 2. 03 

Chlorine 3.80 

Nitrofi^  as  free  ammonia 004 

Nitrogen  as  albuminoid  ammonia 033 

Nitrogen  as  nitrites None. 

Nitrogen  as  nitrates None. 

WHITDMAN  COUNTY. 

General  statement. — Whitman  County  lies  along  the  Idaho  boundary, 
south  of  Spokane  County  and  east  of  Adams  County.  The  surface  is 
in  general  that  of  a  plateau,  with  an  avemge  height  of  about  2,000  feet 
above  the  sea.  Rising  above  the  plateau,  especially  along  the  eastern 
border  of  the  county,  are  several  high  hills  which  represent  the  extreme 
outliers  of  the  mountains  of  Idaho.  Of  such  hills  Steptoe  Butte  is  a 
good  example,  rising  about  700  feet  above  the  plateau.  The  plateau 
is  generally  covered  with  low  hills  of  a  marked  eolian  type.  From  the 
profiles  of  these  hills  it  is  seen  that  the  prevailing  winds  which  fashioned 
thenoi  came  from  the  southwest.  Along  the  southern  border  of  the 
county  Snake  River  flows  in  a  canyon  which  has  a  depth  of  from  2,000 
to  3,000  feet  below  the  level  of  the  plateau.  The  principal  tributaries 
of  the  Snake  within  the  county  likewise  flow  in  canyons,  and  hence 
indicate  that  the  dissection  of  the  plateau  is  under  way. 

The  average  rainfall  is  about  20  inches.  This  decreases  to  15  inches 
dong  the  western  border  and  increases  to  25  inches  in  the  higher 
portion  along  the  eastern  boundary.  With  the  exception  of  a  slight 
lorest  growth  on  the  eastern  margin  and  of  a  few  trees  which  grow  in 
the  valleys  along  the  streams,  the  entire  county  was  once  clothed  witii 
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grasses.  The  rainfall  is  of  sufficient  amount  to  make  the  growth  of 
wheat  possible,  so  that  wheat  fields  now  cover  almost  every  part  of 
the  plateau.  Irrigation  is  employed  only  in  the  canyons  of  the  larger 
streams,  such  as  the  Snake.  Upon  the  terraces  or  benches  that  border 
the  latter  river  large  fruit  ranches  are  found,  the  water  for  irrigation 
being  supplied  by  the  small  tributary  streams. 

In  the  plateau  above  mentioned  basalt  forms  the  bed  rock  almost 
exclusively.  The  few  buttes  or  hills  along  the  eastern  boundary', 
which  project  above  the  plateau,  are  composed  of  granites,  gneisses, 
schists,  quartzites,  and  similar  rocks,  which  indicate  the  character  of 
the  floor  upon  which  the  basalt  outflowed.  Along  the  Qfl,nyon  of  Snake 
River  in  two  or  three  places  granite  appears,  showing  that  the  river 
in  trenching  the  basalt  is  bringing  to  light  the  rocks  beneath  it.  The 
walls  of  the  canyon  of  Snake  River  show  the  basalt  in  a  series  of 
8  or  10  practically  horizontal  flows.  The  plateau  is  covered  with  a 
deep  soil  and  the  underlying  rock  rarely  appears.  Because  of  its 
eolian  nature  the  soil  is.  of  a  very  fine  grain  and  has  the  property  of 
retaining  moisture  to  a  very  marked  degree.  Oftentimes  wells  dug 
only  into  the  soil  afford  a  good  supply  of  water.  The  towns  usually 
depend  upon  deeper  wells  drilled  into  the  basalt  for  their  water  sup- 
plies. As  a  general  thing  these  wells  range  in  depth  from  100  to  300 
feet.  In  some  instances,  as  at  Pullman,  water  is  obtained  from  beds 
of  sand  and  gravel  between  the  layers  of  basalt.  In  other  cases  very 
porous  layers  of  basalt  often  afford  a  plentiful  supply  of  water.  In 
some  cases  flowing  wells  are  secured,  this  being  especially  true  when 
the  wells  are  drilled  in  the  bottoms  of  the  canyons  or  in  deep  valleys. 
Springs  are  very  common  along  the  valley  sides  wherever  porous 
basalt  appears  at  the  surface. 

Munwipal  systems, — Colfax  obtains  its  city  supply  from  Palouse 
River.  In  this  way  very  good  water  is  obtained;  but  it  is  possible 
that  in  the  future  deep  wells  may  be  substituted  as  a  source  of  supply. 
The  water  is  pumped  into  a  reservoir  located  on  a  hill  above  the  city, 
from  which  it  is  distributed  by  gravity.  The  wells  about  Colfax 
range  from  12  to  120  feet  in  depth.  Water  is  usually  found  at  a 
depth  of  about  40  feet.  All  the  deeper  wells  enter  the  roc^t,  which  is 
basalt.  No  flowing  wells  have  been  found;  in  every  instance  the  water 
must  be  pumped. 

Oakesdale  depends  chiefly  upon  wells,  although  a  few  springs  and 
cisterns  are  used.  At  some  places  the  water  is  soft,  but  at  other  places 
it  is  hard.  Generally  speaking,  there  are  no  sources  of  contamination 
and  the  water  is  quite  satisfactory.  The  wells  on  the  hills  about  Oakes- 
dale have  been  sunk  to  depths  of  from  45  to  60  feet  in  order  to  obtain 
water.  On  the  plain  at  the  foot  of  the  hills  they  are  shallow,  ranging 
from  10  to  15  foet  in  depth.  In  the  shallow  wells  a  clay  hardpan  with 
/ifand  Hnd  gravel  below  are  the  only  materials  penetrated,  while  all  the 
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aeeper  wells  enter  the  basaltic  rock.    The  supply  of  water  in  the  wells 
is  stationary,  neither  increasing  nor  decreasing  as  far  as  known. 

Pullman  obtains  a  water  supply  from  artesian  wells.  The  wells 
vary  in  depth  from  UK)  to  130  feet,  water  being  most  commonly  found 
at  100  feet.  The  wells  are  in  basaltic  rock,  the  water  coming  from 
beds  of  sand  interstratified  with  the  layers  of  basalt.  About  150,000 
gallons  of  water  are  obtained  daily.  The  capacity  of  the  wells,  how- 
ever, is  such  that  this  supply  could  l)e  doubled  if  it  were  necessary. 
It  is  noted  that  the  wells  do  not  flow  as  strongly  as  they  did  when  they 
were  first  drilled.  A  gravity  system  of  waterworks  is  used,  the  water 
being  first  lifted  by  steam  pumps  f rou)  the  wells  to  a  reservoir.  An 
analysis  of  the  city  water,  made  liy  Prof.  Elton  Fulmer,  of  the  Wash- 
ington Agricultural  College  and  School  of  Science,  shows  the  follow- 
ing composition: 

Analysis  of  city  yxiterfrom  Pullman. 

[Grains  per  Kall<>"] 

Silica  (810,) 3.49 

Potash  (K,0) 50 

8oda(Na,0) 1.75 

lime(OaO) 1.86 

Magneria  (MgO) 1.31 

Iron  oxide  ( Fe^O, ) 06 

Alumina  (A1,0,) 03 

Sulphuric  acid  ( SO, ) 08 

Carbonic  acid  (CO,) 3.73 

Chlorine 15 

Total  Bolids 12.96 

Tekoa  depends  entirely  upon  an  artesian  well  for  its  water  supply. 
From  this  well  water  of  a  good  quality  is  obtained,  there  being  no 
contamination  as  far  as  known.  The  supply  is  at  present  sufficient, 
but  will  not  be  large  enough  in  the  future.  In  the  region  about 
Tekoa  water  is  most  commonly  found  at  a  depth  of  about  100  feet, 
although  some  of  the  wells  rea(?h  depths  of  175  feet.  All  of  the  wells 
enter  rock.  In  most  instances  the  water  rises  to  the  surface,  and  in 
8ome  cases  reaches  a  height  of  U)  feet  above  the  mouth  of  the  well. 

Uniontown  obtains  its  water  supply  from  a  deep  well.  The  water 
is  soft  and  very  satisfactory  in  every  way,  and  the  quantity  is  ample 
for  present  needs  at  least.  The  deepest  wells  about  Uniontown  have 
a  depth  of  about  200  feet.  These  wells  enter  the  rock  and  obtain  water 
from  beds  of  sand  and  gravel  intercalated  with  basalt.  There  are 
some  surface  wells  which  do  not  enter  the  rock  and  which  are  from  7 
to  10  feet  in  depth.  In  none  of  the  wells  does  the  water  rise  to  the 
surface.  The  water  level  does  not  vary  during  the  day  or  year  and  is 
not  affected  by  pumping. 

Deep  wells, — About  Palouse  a  number  of  wells  have  been  drilled. 
In  general  they  have  a  diameter  of  6  inches  and  a  depth  ol  Itotcl  W 
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to  300  feet.  The  depth  to  the  principal  source  of  water  is,  on  the 
average,  150  feet.  The  water  is  found  in  beds  of  sand  which  lie 
below  a  capping  of  basalt.  From  some  of  the  wells  the  water  flows, 
while  in  others  the  water  level  stands  below  the  surface  and  pumping 
must  be  resorted  to.  The  level  does  not  vary  during  the  day  or  year, 
the  supply  being  constant  from  season  to  season.  The  water  as  a  rule 
is  hard,  generally  containing  magnesia  and  iron.  The  usual  tempera- 
ture of  the  water  at  the  well  mouth  is  50^  F.  The  wells  are  mostly' 
owned  by  farmers,  and  the  water  is  used  for  general  farm  supply. 
The  average  cost  of  a  well  is  $300,  while  the  pumping  machinery  costs 
from  $100  to  $200.  As  a  rule  the  wells  are  only  pai-tially  cased,  the 
length  of  casing  varying  from  20  to  120  feet. 

In  and  about  the  city  of  Pullman  are  a  number  of  artesian  wells,  of 
which  the  two  owned  by  the  city  and  used  as  a  source  of  municipal 
water  supply  may  be  taken  as  types.  One  of  these  wells  was  drilled 
in  1890  and  the  other  in  1899.  They  are  located  near  the  bed  of  a 
stream  which  flows  through  the  center  of  the  city.  The  mouths  of  the 
wells  are  at  an  elevation  of  2,341  feet  above  the  sea.  Each  well  has  a 
depth  of  110  feet,  with  a  diameter  of  6  inches.  The  wells  flow  and  the 
water  rises  to  a  height  of  19  feet  above  the  surface.  The  temperature 
of  the  water  at  the  well  mouth  is  about  60°  F.  The  supply  of  water 
has  decreased  since  the  wells  were  drilled.  Both  wells  are  cased 
throughout  with  6-inch  heavy  wrought-iron  pipe.  The  cost  of  each 
well  was  about  $450,  and  the  cost  of  the  pumping  machinery  necessary 
to  lift  the  water  to  the  reservoir  was  about  $3,000. 

In  Tekoa  there  is  an  artesian  well  that  was  drilled  in  1892  to  serve 
as  a  source  of  water  supply  for  the  town.  The  well  was  drilled  on  a 
stream  bed.  It  has  a  depth  of  176  feet  and  a  diameter  of  6  inches.  Only 
one  water-bearing  bed  was  found,  that  at  the  bottom  of- the  well.  The 
water  rises  to  a  height  of  8  feet  above  the  surface,  and  has  a  tempera- 
ture of  76^  F.  at  the  well  mouth.  The  water  level  has  shown  no  sea- 
sonal variation,  and  the  supply  has  been  constant.  The  cost  of  the 
well  was  $750,  and  the  cost  of  the  pumping  machinery  was  $1,000. 
The  casing  has  been  placed  in  the  well  only  from  the  surface  to  solid 
rock.  The  Oregon  Railroad  and  Navigation  Company  owns  a  deep 
well  at  this  place,  from  which  is  obtained  a  water  supply  for  loco- 
motives. 

YAKIMA  C  OirXTY. 

General'  statement. — Yakima  County  is  located  in  the  south-central 
part  of  Washington,  between  Columbia  River  and  the  summit  of  the 
Cascade  Mountains.  The  surface  presents  a  great  diversity  topo- 
graphically. Columbia  and  Yakima  rivers  are  bordered  by  broad,  low 
plains.  Between  these  streams  are  a  number  of  ridges  or  low  moun- 
tains which  rise  a  few  hundred  feet  above  the  general  level  of  the 
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plaio.  SouUiwest  and  west  of  Yakima  River  the  plain  merges  into  an 
even-topped  plateau,  which  in  the  course  of  20  or  80  miles  gives  way 
to  the  foothills  of  the  Cascades.  The  mountains  are  comparatively 
low,  with  a  general  height  of  4,000  to  5,000  feet,  except  in  the 
ricinity  of  Mount  Adams,  in  the  southwestern  part  of  the  county, 
where  they  are  much  higher,  reaching  a  maximum  of  12,400  feet. 

As  the  county  lies  partly  within  the  Cascade  Mountains  and  partly 
within  the  Columbia  Plains,  it  has  geologic  features  common  to  both 
provinces.  The  formations  of  those  portions  of  the  Cascades  within 
the  county  are  scarcely  known  at  all,  but  are  believed  to  consist  mainly 
of  metamorphic  and  igneous  rocks  typical  of  the  interior  of  the 
range.  Immediately  east  of  Cowlitz  Pass  are  limited  areas  of  Tertiary 
shales  and  sandstones  which  contain  seams  of  coal.  The  coal  is  a  semi- 
anthracite,  or  a  true  anthracite  in  some  cases.  Along  the  eastern  flank 
of  the  mountains  are  occasional  flows  of  andesite,  most  of  which  are 
of  a  very  late  date. 

The  eastern  part  of  the  county  lies  within  the  Columbia  Plains,  and 
here  the  rocks  belong  almost  whoU}"  to  two  divisions,  viz,  the  Yakima 
basalt  and  the  Ellensburg  formation.  The  Yakima  basalt,  according 
to  Smith,  has  a  vertical  thickness  in  the  canyon  of  Yakima  River  of 
more  than  2,500  feet,  and  represents  ten  or  more  separate  flows.  For 
the  most  part  the  basalt  is  compact  and  heavy,  but  occasionally  it  is 
cellular  or  scoriaceous.  In  color  it  is  black,  except  on  weathered  sur- 
faces, where  it  usually  has  become  brown.  In  a  few  instances  the 
so-called  ash  beds,  consisting  of  fine  and  coarse  tuffs,  arc  found  inter- 
bedded  with  the  dense  compact  basalt.  The  latter  has  usually  a  pris- 
matic or  columnar  structure,  the  result  of  the  contraction  or  shrink- 
age of  the  lava  in  the  process  of  cooling.  The  Ellensburg  formation 
lies  directly  on  the  Yakima  basalt,  and  includes  shales,  sandstones,  and 
(.*onglomerates  that,  in  the  main,  were  deposited  immediately  after  the 
last  flows  of  lava.  In  some  places  there  was  a  final  outflow  of  lava  a 
little  while  after  the  beginning  of  the  deposition  of  the  clastic  rocks. 
The  sediments  of  the  Ellensburg  formation  accumulated  to  a  thickness 
of  1,500  feet  or  more,  and  on  the  evidence  of  fossil  leaves  are  known 
to  be  of  Miocene  age.  These  rocks  are  but  partially  consolidated,  and 
have  suffered  considerable  erosion,  with  the  result  that  they  have  been 
wholly  or  in  large  part  removed  from  much  of  the  area  that  they  once 
covered.  This  formation  is  of  special  interest.  It  contains  water,  and 
within  it  the  artesian  wells  of  the  county  have  been  drilled. 

The  Yakima  basalt  and  the  Ellensburg  formation  have  been  folded 
into  a  series  of  arches  and  troughs,  or  anticlines  and  synclines,  that 
have,  in  general,  an  eiist-west  direction.  The  general  structure  of 
the  region  is  well  shown  along  the  course  of  Yakima  River,  which  has 
cut  directly  or  obliquely  across  the  ridges  and  alternating  troughs. 
As  a  rule  the  arches  or  ridges  are  comparatively  long  and  narrow  ^aud 
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decreased  since  the  well  was  completed.  The  temperature  of  the 
water  at  the  well  mouth  is  74^  F.  The  cost  was  $900.  In  the  well 
490  feet  of  casing  has  been  placed,  the  upper  portion  of  this  having  a 
diameter  of  4i  inches  and  the  lower  portion  a  diameter  of  Si  inches. 
The  water  is  used  exclusively  for  irrigation. 

In  sec.  6,  T.  12  N.,  R.  20  E..  is  an  artesian  well  owned  by  J.  W. 
Peck.  The  well  is  located  in  a  valley,  at  a  height  of  about  800  feet 
above  sea.  It  was  completed  in  1901  at  a  cost  of  $1,200.  It  has  a 
diameter  of  6  inches  and  a  depth  of  828  feet.  The  principal  flow  of 
water  was  found  in  a  sandstone,  but  other  minor  water-bearing  beds 
were  encountered  in  drilling.  The  well  is  a  flowing  one,  the  water 
rising  4  feet  above  the  surface.  The  water  flows  a  little  less  strongly 
in  the  summer  than  in  the  winter,  but  on  the  whole  the  amount  of 
water  remains  fairlj^  constant.  The  temperature  of  the  water  at  the 
well  mouth  is  74°  F.  The  water  carries  a  little  iron,  magnesia,  and 
sulphur. 

In  sec.  10,  T.  12  N.,  R.  30  E.,  Robert  Rein  has  a  deep  well,  which 
was  completed  in  1900.  The  depth  of  the  well  is  670  feet,  the  diameter 
at  the  top  is  6i  inches  and  at  the  bottom  2f  inches.  The  well  is 
located  on  a  plain  at  a  height  of  1,500  feet  above  the  sea.  The  water 
rises  about  20  feet  above  the  surface,  and  the  supply  has  been  constant 
since  the  completion  of  the  well.  The  temperatui-e  of  the  water  at 
the  well  mouth  is  60°  F.  The  cost  of  the  well  was  $700.  The  water 
is  used  for  irrigating  purposes. 

In  sec.  8,  T.  12  N.,  K.  20  E.,  is  an  artesian  well  owned  by  Julius 
Sauve.  It  is  located  on  a  plain  at  an  elevation  of  1,155  feet  above  sea. 
The  diameter  of  the  well  in  the  first  portion  is  4i  inches  and  in  the 
bottom  portion  2  inches.  A  number  of  different  flows  of  water  were 
encountered  at  depths  of  790,  861,  876,  890,  907,  and  finally  at  the 
bottom  at  1,020  feet.  The  water  rises  80  feet  above  the  surface.  The 
quantity  of  water  has  not  changed  since  the  well  was  first  drilled. 
The  water  at  the  well  mouth  has  a  temperature  of  75.2^  F.  The  cost 
of  the  well  was  $1  per  foot,  or  $1,020. 

In  sec.  8,  T.  12  N.,  R.  20  E.,  David  Walters  drilled  a  well  which 
was  completed  July  12,  1902.  It  has  a  depth  of  1,200  feet  and  a  diam- 
eter of  5i  inches.  The  well  is  a  flowing  one.  The  temperature  of 
the  water  at  the  well  mouth  is  81^  F.  The  cost  of  the  well  was  $1,600. 
In  casing  the  well  400  feet  of  pipe  with  a  diameter  of  4  inches  and 
620  feet  of  pipe  with  a  diameter  of  3i  inches  w^ere  used. 

SpruHjfi, — In  T.  9  N.,  R.  12  E.,  on  Government  land,  spring  water 
issues  as  a  stream  from  the  base  of  a  bluff  of  basaltic  rock.  The 
water  is  very  cold,  free  from  any  odor,  and  colorless.  From  the 
water  bubbles  of  gas  are  constantly  escaping.  An  analysis  of  the 
water  made  by  Prof.  H.  G.  Byers,  of  the  University  of  Washington, 
resulted  as  follows: 
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Analyiis  of  water  from  spring  in  T.  9  X.,  R,  lH  E. 

[Parts  per  million.] 

Voktileaolids 363.5 

Nonvolatile  solids 774. 5 

Total  aolkls 1,138.0 

Slica 109.3 

Ferric  oxide  and  alumina 82. 0 

Caldam  carbonate '  266. 4 

.Vlignesium  carbonate 177. 7 

8odiom  chloride 213.4 

PbtasBiam  chloride 38.  7 

CUdam  sulphate None. 

Potaarium  sulphate None. 

In  sec.  9,  T.  11  N.,  R.  15  E.,  on  tribal  land  belonging  to  the  Yakima 
Indians,  are  some  warm  and  cold  springs.  The  water  issues  as  small 
streams  from  soil  and  gravel.  About  the  springs  are  deposits  of  red- 
dish matter,  presumably  iron  oxide.  The  cold  springs  have  a  soda 
taste,  and  from  them  all  bubbles  of  gas  are  constantly  escaping.  The 
warm  springs  are  used  by  the  Indians  for  Imthing,  and  the  water  is 
believed  by  them  to  possess  medicinal  value.  It  is  used  more  for 
rheumatism  than  for  any  other  disease.  From  all  of  the  springs  the 
quantity''  of  flow  is  constant,  no  variation  being  appreciable  from 
season  to  season. 
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Deep  wells  in  Washington. 


Coanty  andpoeit-offlce. 


T.    R.    S. 


Name  <»f  owner. 


Thomas  and  James  O'Halr. 
32  :  33     Northeni  Pacific  Rwy 


32  :  -28     W.  T.  Braden. 

I        I 


Adamii  County: 

Cunningham 16    30    22 

Ritzville 16 

Franklin  County: 

Oonnell 13 

Island  County: 

Couperille j —    E.  J.  Hancock. 

SpokaDe  County:  ! 

Hlllyard '....,  Hillyard  Town  Site  Co. 

Sterena  County: 

Colrille 35    3«J      l»  ■  L.  .T.  Wnlford 

Tbunton  County:  | 

Oljmpia I !  Slate  of  \Vai«hington 

iRBlll— 05 5 


ToiK>Kraphic  posi- 
tion. 

Eleva- 
tion 

above 
sea. 

Hill  

Fen. 

1,278 

Valley 

Vallev  

1,157 
840 

Hill 

125 

Plain 

2.000 

BastM.fhlll 

Plain 

1,590 
30 
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CnuDty  atid  pMt^fllcv. 


Wbltmrnn  CcnmtF: 

Pftlotise 

Pullniui , 

Tuko* 

Yaklmt  County: 
KortbYi^klmft.. 

Do,......,,. 

Do...., 

Do 

Do. 

Do-.. 

Do.. 


TJ  ft. 


» 


14    4A 


%1 


Kune  or  owiior. 


tion. 


Bl&lock  FrtillCo.. Pl«in „. 

F.r.f:B«D ..„, j  v»im 

Citjof  PuUm^n..... atn^nmbcd. 

Town  or  TekoM  -...., ,(lo  „ , . , . 


[NO.  111. 


Eleva- 
tion 

«tK)ve 
sea. 

2,000 

A  ail 


F.  K.  Deertngholl Slofie. 

James  H.  GantJ .......J  FLaJn  . 

E.S,  Hill..... aiope. 


1.100 
1.100 


J.  w.p«ck 

Robert  Rein . . . 

Jh  Baun^.....,,H 
DarldWalten. 


Valley. 

,.„.do. 

Flatn.. 
Blope.. 


800 
l.fiOO 
1.156 


Coantr  and  pott-oSlce. 


Date 
wbeo 
com- 
pleted. 


Kind  of  W€n, 


Ad4TnA  CoQQtyt 

Cunnlnghun  « . 

BIlEvllle. 

Franklin  Ootinty: 

Gonnelt  ..*..... 
liland  Counlyr 

Coupeville 

SfKikdHf  Cnutatj" 

Hillysfd  ....... 

.Stevens  County  t 

ColvUle 

Ttannttnn  ('county: 
tKymplA  ^...^.. 

VV  a1  1a  \\€i  1 1  a  Con  [It  y  r 
WalliiWallK  ... 

Whitman  County: 

Palouse , 

Pullman , 

Tckoa 

Yakima  County: 


iwi 


ns& 


1889 


1900 


IWl 


IfOS 


1903 


Drilled. 
.„,do.. 


.do. 


Dlame^ 

ter. 


Duff  . 


i 


Depth. 


Depth  to 
princlpiaE 

aouroeof 
water. 


Fkri. 


.d<i. 


1890 
1892 


North  Yakima . 


Do. 


Drilled  . 


_di> . 

.do. 
.do. 
.do. 


1  "I 


Drilled  and 
bored. 


Do I    1900 

Do i    1901 


Drilled  . 

....do., 
....do. 


6 

6  I 
6 


I7« 

12fi 
200 

TOO 

152  ! 

5m 
aoo 

110 
176 

fi25 


300 


120 
!« 

100 

\m 

540 

160 
110 
176 


Wat«r.bearinK 

material. 


Roek. 

Very  potou*  rock. 

Pomun  rock. 

Rand. 

Gravel. 

Baadfltono. 

Sand. 

Do. 

D.). 

Do. 

Poroun  rock. 


G25    Sand. 


826 

820 

626 

620 

828 

828 

Do. 

Do. 
Do. 


1900 

1900 
1902 


.do. 

.do. 
.d(.. 


I    SI 


41 


570  , 

1,020  ! 
1.20(>  ! 


.570 

1.020 
1,200 


Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
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Jkiep  wdU  m  TTat^tnpfofi— Continned. 


Ooantj  and  pott-offlce. 


Other 
water- 
bearing 
beds 
found. 


■Distance 


Distance 

^22f    I  of  water 
from  sur- 


above 
surface. 


face. 


Tempera- 
ture of 

water  at 

well 
mouth. 


Yes. 


None. 


iCoonty: 

Conningbam 

RitSTiUe 

FnnkUn  County: 

Oonnell 

Island  County: 

OoopeTllle 

Spokane  County: 

HiUyaid 

Bterens  County:  i 

ColTiUe 1  Y« 

Thniaton  County:  | 

Olympia !  Yes 

WaUawalla  County:  i 

Walla  Walla 

WUtman  County: 

Palouse 

Pullman 

Tekoa 

Takima  County: 

North  Takima 

Do 

Do 

Do 

Do 

Do 


None... 



None...' 

None 

Ftet. 
235 

mo! 

I 

120  ' 
186  I 


Amount  of 
water  ob- 
tained 
daily. 


Increase  or  de- 
crease of  supply. 


GqUom. 


51 


50,000 


8,M0 
C7  187,000 


None . . 
None.. 
None . . 


Two. 
Two. 
Two. 
Yes.. 
Yes.. 
Yes.. 


Several. 

i  ^* 

:  8 

1 

i      ^ 

Several. 

4 

I  20 

80 


Do ' Several. 


I  Increase. 
!  Stationary. 

Stationary. 

Do. 


Increasing. 
Stationary. 


Do. 

180,000     Decreasing. 
.1  Stationar}'. 


Decreasing. 
Stationary'. 

Do. 

Do. 

Do. 

Do. 


County  and  post-offlco. 


Variation  In  water    ^^^^i  t^^^iY^''^ 
level. 


on  level  of 
water. 


County:                        I                                I 
Cunningham \  None None 

Ritcville : do I»wers   level    10 

I  feel. 


Quality  of 
water. 


Hoft  , 


How  water  is 

obtaine<l  at 

surfaoe. 


.do. 


I 
None ■ do. 


FMnklin  County:  | 

C4>nnell | do 

Usnd  County: 

Coupevllle '  Lowers  it  nllKhtly .    Hard 

Spokane  County:  i 

HQlyard !  Varies duringyear    Lowers    level     .'^ft. . 

aievens  County:  !  slightly. 

Colville ;  None 

Thurston  County: 

Olympia Varies  with  tide 

Wallawalla  County: 

WalUWalU ,  None 

Whitman  County:  j 

Palouse do Lowers  level 

Pullman do 

Tekoa ; do '  None 


Iron  bearing.. 


Pumping. 
Do. 


Do. 
Do. 
Do. 
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[NO.  111. 


County  aiid  po»t-officc. 


Yakima  €k>unty: 
North  Yakima. 


V.ri.tloni„wa,er|--''~iofp«m|..nK 
water. 


level. 


Variwdiirlngyear 


Do None ' 

Do do '  None  . 

Dj :  Varies  during  year' 

Do ■  None None. 


Do. 
Do. 


Variefi  during  year  , 


Quality  of 
water. 


Sulphur  bear- 
ing. 

Soft 


How  water  U 

obtained  at 

surface. 


.do. 
.do. 
.do. 
.do. 


Sulphur  bear- 
ing. 


Well  flows. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


County  and  post-office. 


Adams  County: 
Cunningham  ... 

Ritsville 

Franklin  County: 

Connell 

Island  C'Ounty: 

Coupeville 

Spokane  County: 

HiUyard 

Stevens  County: 

Colville 

Thurrtcn  C-ounty: 

Olympla 

Wallawalla  County. 

Walla  Walla.... 
Whitman  County: 

Pal<>u.»« 


rullman  . 
TckoH 


Yakima  County: 
North  Yakima . 


Do  . 
Do  . 


Ih.  . 
Do  . 
Do  . 

Do  . 


I  Coat  of   I 
Ckwt.      ^KiS?    Sixe  and  length  of  casing, 
er>-.      I 


I 


$1,066 
2,fi00 

i 

3.000  . 
850 
fiOO 

8.000 


9290 


2.500 


Use  made  of  the 
water. 


Diameter,  2  inches;  length. 

428  feet. 
Length,  240  feet 


Diameter.  5  inches;  length. 
100  feet. 


Diameter,  lOinchef*;  length, 
40  feet. 


ir>2    Dlametei, 2  inches:  length. 

!  152  feel. 

l.HOO    I  U-ngth,  MO  feet , 


I 


300   Diametcr.5Jiu<"he«:  length, 

i      150  feet. 

3,000  .  Diameler,6  inches;  length. 
I  j      110  feet. 

750  '        1 .  000     Diameter,  6  inches 


450 


1,000 


Diameter,  5  inches;  length. 
40  inches. 

Diameter,  4  Inches;  length,  i 
120  inches. 

Diameter,  3  inches:  length.  I 
80  inches.  ' 

Diameter,  4, 3,  and2i  inches.' 


900  ' Diameter,  4i  inches;  length, , 

497  feet. 

1.200 

700 

1,020 

1,600 


i Diameter,  4  inches:  length, 
400  feel. 
Diameter,  \ii  inches;  length. 
620  fwt. 


Farm  supply. 
Locomotives. 

Farm  .»»uiip!y. 

IX>. 

Town  supply. 

None. 


Supply     for     capitol 
building. 

Irrigation. 


Farm  .»JUpply. 
City  water  supply. 
Town  supply. 

Irrigation. 


Do. 
Do. 

IK). 

Do. 
Do. 

Do. 


I 


LilCBKl 
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Muniripnl  tonler  mpf^ies  in  WaMngton. 


LocatloD. 


I  Water- 
I  Hupply 


Principal  wun'eof 
watvr. 


Other  Konrcen. 


Adamii  County: 

RitzTille Y«*.. 

AfloCfnConnty: 

Asotin No. 

Clarkston Yw. 

Cbeludis  County:  ' 

Aberdeen :  Yc« 

Coonopolifl Yes 

Hoqufam Y«i 

MonteMno 

Ooosta 

Chelan  County: 

Cbelan Ycm. 

Lakerfde No. 

Wenatchce ;  Yeji. 

Clallam  County: 

port  Angeles Ye«. 

PortCrescent No.. 

Clarke  county: 

Vancouver Yes. 


wells None. 


.Aaotin  Creek Wells  and  clHtems 

do None 


Yes. 

No.. 


.,  Creek ' 

.'  Wells ;  Creek... 

.  I  Hoquiam  River None  . . . 

.  I  SpringN do . . 

.'  Wells Springs. 


Colombia  County: 

Dayton 

CowlItJE  County: 

Castlerock 

Kalama 

D(»i]glan  County: 

Wilsoncreek 

Jefferson  County: 

Port  Ludlow 

P*>rt  Townsend 

King  County: 

Auburn 

Ballard 


Springs LakeChelan 

Lake  Chelan '  Wells 

Creek :  None 

I  I 

Frazer  Creek Wells  and  Mpriugs 

Wells '  Pond 


Suffl. 
cient 
supply 

present 
needs. 


No.. 

Yes. 
Yes. 

No.. 
Yes. 
Yes. 
Yes. 


Springs   an«l    dcrji 
wells. 


No.... 
Yes... 
Yes... 

No.... 
Yes... 

Yes... 


Suffi- 
eient 
supply 
for  tu- 
tu re 
n«»eds. 


I 


Yes. 


Yes. 
Yes. 


No. 


Springy None Yes... 

I 

<  "reek <  Wells 

CreekM '  None 


Yes. 
Yes. 


WellM Streams  . 


No.. 


No. 

Yes. 
Yes. 

No. 
Yes. 
Yi>s. 
Yi's. 


Yes. 
No. 


No. 
So. 


\\*y. 


Yes. 


No 
No. 


No. 


Yes. 
Yes. 


No. 
Yes 


. . .    Creek None 

. . .  I  IK'ep  wrlls Wells  ami  (•ist<'rny. 

...    Wells White  Klvor 


Columbia  City Yes . 

Enumelaw Yes. 

Isaaquah Yes . 

Kent Yes . 

Renton i  Yes . 

Seattle Yes. 


West  Seattle.. 
Kitsap  County: 

Bremerton  ... 

Charleston  ... 

Port  Blakeley 

Port  Gamble  . 
Kittitas  County: 

Clealum 

EUensburg  ... 

Roalyn 


Yes. 

Yes. 
Yes. 
Yes . 
Yes . 

Yes . 
Yi's . 
Yes. 


Springs   and   «lr«'p    

wells. 

Cediir  River ]  None  . 

Mountain  St n'uin*' I  Wells. 

SpriuKs I do 

<lo None  . 

Spring Wells . 

(?edar  RivtT  nii<l  ("♦•-     None  . 
(lar  Lake, 

Springs 


Yes... 

Yes. 

No.... 

No. 

Yes... 

Yes. 

Yes... 

No. 

<lo.. 


Yes . 
Yes. 
Yes . 
Yes. 
Ytw. 
Yes. 

.No.. 


Yes. 
Yea. 
Yes. 

No. 
No. 
Yes. 

No. 


<lo Wells. 

Springs  an<l  cTceks «lo 

Cntk I 

Creeks 


Yes.. 

.    \\^. 

Yes . . 

.    YeK 

Yes . . 

..  Yiw. 

Yt» . . 

.'  Yes. 

Springs Wells '  Yes...    Yes. 

Mountain  streams do ,  No I  No. 

Springs  and  Clealum  • I  Yes...    No. 

River.  |  j  | 
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[NO.  111. 


r.,unty  and  po»t^fficc.        VarUtlon  In  »a.er  |  '^^^i^^^l'Sr'"'^ 


Yakima  County:  j 

North  Yakima ]  VHrli-Kduringyear 


Do None 

Do do None  , 

D.) Varies  during  yciir ' 

Do ■  None Nono  . 

Do Varies duringycar 

Do I ' 


Quality  of 
water. 


How  water  is 

obtained  at 

surface. 


Sulphur  bear- 
ing. 

Soft 


.do. 
.do. 
.do. 
.do. 


Sulphur  bear- 
ing. 


Well  flows. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


County  and  poet-oflftce. 


Adams  County: 
Cunningham  ... 

RlUville 

Franklin  County: 

Council 

Island  County: 

Coupeville 

Sfiokane  County: 

Hillyard 

Stevens  County: 

Colville 

Thurston  County: 

Olympia 

WulhiwHlla  County: 

Walla  Walla.... 
Whitman  County: 

Palouw 


Cost  of    I 
Cxwt.     i  'i^Einf    Sl^e  and  length  of  casing, 
er>-.      i 


$1,066 
2,600 


1290  ,  Diameter,  2  inches;  length. 
423  feet. 
I..ength,  240  feet 


I 

I 

loO  V 
2,500  ! 


Diameter,  5  inches;  length, 
100  feet. 


3,000 

350 

TiOO 
3.000 

1.V2 
1.  HOO  I Ix'ngth,  MO  feet 


Diameter,  10  inches;  length. 
40  feet. 

Diameter,  2  implies;  length, 
152  feet. 


PullmHU  . 
Tekoa 


300    '  Diameter,  5|  inches;  length. 

I  i      150  feet. 

450'       3,000     Diameter.6  inches:  length, 
I  j      110  feet. 

750  '        1 .  000     Diameter,  6  inches 


Yakima  County: 
North  Yakimft . 


Do 
Do 

Do 

I)n 

Do 


1,000 
900 

1,200 

700 

1,020 


Diameter.  5  inches;  length. 
40  inches. 

Diameter,  4  inches;  length, 
120  inches. 

Diameter.  3  inches;  length. 
HO  inches. 

Diameter.  4. 3,  and  2i  inches. 

Diameter,  4i  inches;  length. 
497  feet. 


Use  made  of  the 
water. 


Diameter.  4  inches;  length, 
400  feel. 

Diameter,  3i  inches;  length. 
('.20  feet. 


Farm  supply. 
Locomotives. 

Farm  .'»uj>p'.y. 

Do. 

Town  supply. 

None. 

Supply     for     capitol 
building. 

Irrigation. 

Farm  .«iupply. 
City  water  supply. 
Town  supply. 

Irrigation. 


Do. 
Do. 

Do. 
Do. 
Do. 

Do. 


TABLE   OF  MUNICIPAL   SUPPLIES. 


69 


Munieipnl  wnUr  mpplies  in  Wmthhiffton. 


Locatton. 


KAum  County: 

RitzTille 

Aflodn  County: 

AfloUn 

CUrkiton 

Cbehalto  County: 

Aberdeen 

Cosnopolis . . . 

Hoquiam 

XonteMno  . . . 

Oco»ta 

Chelan  County: 

CheUm 

Ukeside 

Wenatchec . . . 
Ckllam  County: 

Port  Angeles  . 

Port  Crescent. 
Clarke  County: 

Vancouver  ... 


Water-  : 
supply  I 
syi«U>m. 


PrInHpal  sourfoof 
water. 


Other  sources. 


I 


Yes... 


Yes. 
Yen. 


Colombia  County: 

Dayton 

Cowlitz  County: 

Castlerock 

Kalama 

Dr>a^Ia8  County: 

Wilsoncreek 

Jefferson  County: 

Port  Ludlow 

Port  Townsend 

King  County: 

Auburn No 

Ballard Yes 


No.. 
Yes. 

Yes. 
Yes. 
Yes. 
Yes. 
No.. 

Yes. 
No.. 
Yes. 

Yes. 
No.. 


Deep  well.M '  None  . 


Asotin  Creek Wells  and  clstems. . . 


.do None 


Creek ' 

i  Wells I  Creek.. 

Hoquiam  River '  None  . . 

Springs ; do . 

Wells Springs 


Springs '  I-ake  Chelan . 

LakeChelan |  Wells 

Creek |  N<me 


Suffi- 
cient 
supply 

present 
needs. 


No... 


Yes. 
Yes. 

No.. 
Yes. 
Yes. 
Yes. 


Frazer  Creek '  Wells  and  springs  . 

Wells .....    Pond 


Yes 


Sprinffs  and    deep  L 
wells. 


Yes .SpringM i  None  . 

I 

Creelt i  Wells. 

Creeks i  .N'onc  . 


No.. 


Yes. 

Y€»S. 


Columbia  City. 

Enumrlaw 

Issaquah 

Kent 

Renton 

Seattle 


Yes. 
Yes . 
Yes . 
Yes. 
Yes . 
Yes. 


West  Seattle Yes 


Kit*«p  County: 

Bremerton  ... 

Charleston  ... 

Port  Blftkeley 

Port  Gamble  . 
Kittitas  County: 

Clealum 

Ellensburg  ... 

Roslyn 


.    WellH streams 

I  !  ! 

.   Creek '  None ' 

.    Deep  w«-lls '  Wells  ami  cistcniy.       | 

.    Wells White  River 

.    Springs    and   dr^'p    

wellN. 

.    Cedar  River |  None 

.    Mountain  streams i  Wells 

.    SpriiigM j do 

do I  Nont? 

.    Spring Wells 

.    Cedar  River  and  ('«■-     None 

dur  Ijike. 

.    Springs , do 


Yes. 
Yes. 
Yes. 
Yes. 

Yes . 
Yi^s. 
Y«is. 


.do Wells. 

..do 


Springs  mid  rnrk>  . .. 

i  Cn-t'k 

Creeks 


No... 

Yes.. 

I  Yes.. 

I 
No... 
Yes.. 

Yes.. 

Yes.. 

Yes . . 
Yes . . , 

No... 

Yes.., 
No... 

Yes.., 
Yi's . . , 

Yes . , , 
Yes.., 
Yes . . , 
Yes . . . 
Yes... 
Yes . . . 

No.... 

Yes.., 
Yes . . , 
Yes . . , 
Yes. 


Suffi- 
eient 
supply 
for  fu- 
ture 
ni'eds. 


No. 

Yes. 
Yes. 

No. 
Yes. 
Yes. 
Yes. 


Yes. 
No. 

No. 
No, 

Yev. 

Yes. 

No 
No. 

No. 

Yes. 
No. 

Yes. 
No. 

Yes. 
Yes. 
Yes. 
No. 
No. 
Yes. 

No. 

Yes. 
Yes. 
Yes. 
Yes. 


Springs Wells. . 

.Mountain  streams — ' do  . 

Springs  and  Cleulum 


River. 


I 


Yes 
No. 
Yes 


I 

...!  Yes. 
No. 
No. 
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Municipal  ivater  ttupplies  in  W^ihiti^^m — Coti  tin  tied. 


Lcx^atlim. 


Kllckitftt  C4>untf : 
Gotdenftalc. 

lA'wii  County  r 
CentTHlJa 


No. 


Yew.. 
Ye«.. 

Yt^. . 

Yen.. 
Yes,. 


Yt«. 
Yc«. 
Yi». 

YfM. 

Yc», 
Yt*. 

No.. 


PfeEll 

Llncotn  Ooytitjr:: 

Davenport . 

Hurrington  *..,**„. 

Spn^t)  .........,*, 

Wilbur............. 

Hkmiu  C^uutf  ^ 

ShcJtau,. . 

Ok»iiQg«n  Courttyt 

Loombi 

Pftcirtc  County: 

IlWIU'O. 

Hoiitiibf^ud.^., 

Burklfy ,.-... 

Carbotiftdti 

Ortlpfc 

PuyttLlup  t.w**,-*,. 

South  Taci>m(ip. 

^umucT 

Tw^-itUJ*  ,„..,..„**, 
8iiu  Jimu  County: 

Frlrtny  nftdjiir 

^kAjrll  I'ouuty: 

llAnilllon  ._...... 

Ln.  Conner. 

Mount  Vpnum  ..,.. 

Arlfiiffton  .... ,. 

tklmcinrts*,..... 

Kvert'tl 

SlDiiruts... ,* 

MoEito  rriwti*  ....... 

i*ilTi?rton  ..„.,..... 

>nt»HomfN]t  _-_„,., 

l:^lii^kanotYtuiiiyr 

i'hvoi'y .............  ..^ . .    Yi* 

Hillyard I  Yes 

I^tHh I  No. 

Medical  l^ki« Vox 

Steven?*  Co\imy: 

R4KS8burK Yes 

(\)lville Yes 

Marcus No. 

Northport Yew 

Spriugtlale Yes 


flywEGOi. 


Yei. 
Y«. 


Yi*?*. 
Xo.. 
Yf« . 
Yen. 

Xo. . 
Yes*. 
Yt*. 
No.. 
YuK. 
Yo»i. 
Yi4». 
Yw. 


Principal  f»uree  of 
wat«r. 


Spring. 


^prlnsv 

Welln., .... 

Jjprin^..... 

Crefik  ami  wHLb- 


Bpriny.._ 

j^tnliLhekin  Creek 


Spring. 


Well 

Springn... ...... 

.... .do. ...,,,.., 

do.......... 

Weill... 

Spiinif  * ....,..,. 
C^uver    f!rei'l£ 

WellB 


«n(l 


Other  soiircef<. 


None . 


Suffl- 
ctent 

supply 

for 
present 


Bkookum  Chock 
River. 


Yei. 

No.- 

No» 


NotiB - Yei... 


tSpriogn. 

Well*.., 
Springs. 


Ye«. 
Yea, 
Y<«. 


None .,,,..,.... Yei.,, 


tjpring. 


Ym..- 


None. 


White  Rirvr. 

Notie  .*.ww, 

Kane 

do 

.....do. .,.,,. 


cienc 
need*. 


Yen. 
Ye». 

Yes. 

Yea, 
Yea. 
Yee... 

Yifli,.. 
Three wel)^...... Ko,.*. 


No, 

No. 
No, 

No. 
Ko. 
Y«. 
Yes. 

No. 

Ve«. 

Ko. 
Yea- 
Yes. 
Yesi. 
No. 
Yw, 
Yen. 
Vi* 


Yen.-.    No* 


Lake  Htrtri ..........  *j  ^imc  .................  Yen  * . ,    Na. 

Wells **-....' do Yei...    Yet 

Spriiiisr Yfe!i...| 

do.. None Yea...    Yea. 


!4prtKErn  JLud  wellff . 


StlUffuam  iih  KiTer  . .    Yen . . .    Ypk. 


SprtagH ....    Wctli .... 

WoodV  Creek „ „.,.**..,. 

Well* .  „ ,  * None  ...»..., 


Y«H. 

.  Yea. 


Ye*. 


Creeb* .,    Wella,.-..- Ye*,.^   Yes. 


McnmtJtln  MruHm. 
*...dci 


Koiie.. 
.....do. 


Yea,..;  Yeu 
Y€«..J  Ve*. 


niehuekKlver .|..,,.ao - Yen...:  Ywi, 


Jjiku  and  welln ^.J 

Deep  wells '  None  . 

Wells 

Clear  Ijike Wells. 


Columbia  River None 

Spring Creeks  and  wells . . . 

Columbia  River None 

r>eep  Creek , 

Creek  Wells 


Y»i . . . 
Yes... 


Yes. 


Ye». 

No. 


Yes. 


Yes...   Yea. 
Yes...'  No. 


Yes... 
Yes... 


Yes. 
Yes. 
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Jliiittd|Ni2  waiar  tuppUes  in  Washington — Continued. 


Location. 


Thanton  County: 

Oljmpia 

Tenteo 

WallawftlU  County 

Waitsbfurg 

Walla  Walla.... 
Wbatcom  County: 

Blaine 

Fairhaven 

Sumas 

Whatcom , 

Whitman  County: 

Collax 

Oakesdale 

Pullman 

Tekoa 

Union  town 

Y&kima  County: 

North  Yakima 

Proflier 


Water- 
supply 
syicem. 


Ye«. 
No.. 


Ye«. 
Yee. 

Yes. 
Ye«. 

No.. 
Ye«. 

Ye«. 
No.. 
Ye«. 
Yes. 
Ye«. 

Yes. 
Yes. 


Principal  source  of 
water. 


Springs. 
Wells... 


Springs. 
do.. 


....do 

Lake  Padden... 

Wells 

Lake  Whatcom. 


Other  sources. 


None . . 
Spring. 

Creeks. 
Creek.. 


Three  creeks . 

Streams 

None 


Palouse  River ' do  .. 

Wells Springs . 

Artesian  wells 

do !  None . . . 

Deep  well 


Naches River None.. 

Yakima  River do  . 


Suffi-  Suffi- 
cient I  cient 
supply '  supply 
lor  '  form- 
present  ture 
needs,  i  needs. 


Yes. 
Yes. 


Yes. 
Yes. 


Yes. 
No. 


No. 
No. 


Location. 


Adams  County: 
RitzTille  . . . 


Asotin  County: 

Aaotin 

Clarkston 

Chehalis  County: 

Aberdeen 

CosmopQlis 

Hoqulam 

Montesano 

Ocosta 

Chelan  County: 

Chelan 

Lakeside 

Wenatchee  ... 
Clallam  County: 

Port  Angeles. . 


Quality  of  water. 


Effect  of  water 
on  the  health. 


Sources  of  con- 
tamination. 


I  Other  sources  of 
'  supply  in  con- 
I     temptation . 


Hard. 


G<xxl None . 


Soft 


.do. 

.do. 
.do. 
.do. 
.do. 
.do. 


.do. 

.(!(.. 
.do. 
.do. 
.do. 
.do. 


None  . . 

do. 

do. 


Hard Surface  drainage. 

Soft Gixxl '  None 

Contains  iron do Surface  drainage. 


Soft Some  ill  effects  |  Decaving   vege- 

in  summer.  tation. 


Port  Crescent Somewhat  stilty 

Clarke  County:  j 

Vancouyer |  Soft 

Columbia  County:  ! 

Dayton do 

Cowlitz  County: 

Castlerock I do 

I  Hard 


None . 


Good do . 


.do  . 


.do  . 


.do . 
.do. 


.do. 
.do. 


Additional 
wells. 


None. 
Artesian  wells. 

Other  creeks. 
None. 

Do. 

Do. 

Do. 

Lake  Chelan. 
None. 
Do. 

Little  River. 
None. 

Do. 
Do. 

Do. 
Do. 
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Municipal  water  mppHea  in  Waahinffton — ContiDued. 


Location. 


DougUa  Cdnnty: 

Wilsoncreek  . . . 
Jefferson  €k>uiity: 

Port  Ladlow . . . 

FortTowniend. 
King  County: 

Anbum 

BalUid 


Quality  of  water. 


Effect  of  water 
on  the  health. 


Alkaline  . 


Good. 


Soft., 


Ckdumbia  City , 

Enumclaw 

laaaquah 

Kent 


.do. 

.do. 
.do. 

.do. 
.do. 
.do 
.do 


Renton ' do 

Seattle : do 

West  Seattle | do 

Kitsap  County:  | 

Bremerton do 

Charleston do 


.do. 
.do. 

.do. 
.do. 

.do. 
.do. 
do. 
do. 

do. 

do. 
do. 

do. 
do. 


Sources  of  con- 
tamination. 


None. 


None. 


Other  sourceti  of 
supply  in  con- 
templation. 


None . . 
....do. 
....do. 


.do. 


.do. 
.do. 


.do. 
.do. 


PortBlakeley do do :  Decaying   vege- 

tation.  ; 

..do I  None ' 


.do. 
.do. 
.do. 

.do. 


do. 
do. 

do. 

do. 


Some  ill  cfftH'tH.   Sewage. 


Port  Gamble do 

Kittitas  County: 

Clealum , do 

EUcnsburg Hard 

Roslyn Soft 

Klickitat  County: 

Goldendalc do 

Lewis  County: 

Centralia do 

PeEll do 

Lincoln  County: 

Davenport do |  Good |  None 

Harrington do 

Spnigue do 

Wilbur j do 

MHM>n  County:  | 

shelton do 

OkHUogan  County:  | 

l^NimlH i\o 

l'H<'iflc  C^mnty: 

llwaco do.... 


do 1 

do 

'  None 

do 

.1 do 

do 

do 

do 

....: do 

Not  good l>e<*aying  vegeta- 
tion. 


None. 


Mountain 
streama. 

White  River. 

Seattle     water 
system. 

None. 

Springs. 

None. 

Additional 
springs. 

Cedar  River  and 
other  springji. 

None. 

Cedar  River. 

None. 
Do. 
Do. 

Do. 

Yakima  River. 
None. 
Do. 

A  ddi  t  iona 
spring. 

None. 
Do. 

Do. 

Do. 
Do. 

Other  springs. 

Other  creeks. 

None. 


SouthU'ud do f ;<M>d None  . . 

Pierce  County:  i 

Buckley do do dt) . 


I 


Carbonudo I do do Decaying  vegeta- 
tion. 

Orting I <lo do None 


Puyallup  tio. 

irouth  Tucouia Hard  . . 

Sumner j  Soft  ... 

Taeonui do . 


.do . 
.do. 
.do. 
.<lo . 


.do . 
.do . 
.do. 
.do 


Do. 
Do. 

Additional 
HpringH. 

None. 

Do. 

Do. 

Addi  t  ional 
welljt. 
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Mmnieipal  waier  wppliiB  in  FcMMn^on— Continued. 


Loeation. 


rk«.iiw  ^4  afi»*A* '  Effect  of  water 
Quality  of  water.   ^„  ^j^^  ^^^^^ 


Soft  . 


Stn  Joan  Coanty: 

Friday  Harbor 

Skafit  Cuonty: 

Anaeortes do. 

Hamilton ' do. 

Laoonner ' 

Mount  Vernon Soft  . . . 

SnoiiomlBli  Connty:  | 

Arlington do . 

Bdmonds > do. 

Breiett do. 

MarysYille do . 

Monroe do. 

Monte  Crtoto | do. 

Silyerton do. 


Good  . 


.do. 
.do. 
.do. 
.do. 


Sources  of  con- 
tamination. 


None. 


.do. 
.do. 


None . 


.do. 


.do 

.do 

.do !  None  .. 

•do do . 

.do do . 


Snohomish 

Spokane  County: 

Cheney 

HiUyard 


.do. 


.....do. 

do. 

do. 

Hard.. 


.do. 
.do. 
.do. 


.do. 
.do. 
.do. 


I 


I 


T 


I 


.do ' 

.do 

.do I  None  . 


.do. 


I 


.do. 


.do 

.do 

.do 

.do 

.do I  Surface  drainage. 


.do. 
.do. 
.do. 
.do. 


.do None  . 

.do do 


Medical  Lake 

Stevens  County: 

Bo«9burg Soft 

ColvUle do 

Marcus do 

Northport Hard 

Springdale Slightly  alkaline 

Thurston  County: 

Olympia Soft. 

Tenino do . 

Wal  la  walla  County :  | 

Waitsburg do  . 

Walla  Walla ! 

Whatcom  County:  I 

Blaine ' '  Good | 

Fairhaven j  Soft I do |  None 

Sumaa do do ;  Surface  drainaKe 

Whatcom 

Whitman  County:  | 

Colfax do 

Oakesdale do 

Pullman Hard 

Tekoa Soft 

Uniontown | do | do | do . 

Yaldma  County: 


Other  sources  of 
supply  in  con- 
templation. 


Other  lakes. 
None. 


Do. 


Do. 

Lake  Stephens. 

Skykomish 
River. 

None. 


Do. 


Do. 
Springs. 
None. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


.do Deep  wells. 

I  None I 


.do 

.do j  None  .. 

do. 

do. 


.do 
.do 
.do 


North  Yakima . 
Prower 


Soft. 


.do. 
.do. 


.do . 
.do. 


None. 
Deep  well. 
None. 

Deep  wells. 
None. 
.     Do. 

Do. 

Do. 

Do. 
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Municipal  %paUr  nupplies  in  WaMngtfm — Continued* 


Wenatchev  , 

ClallAm  County: 

Port  Anpilffl  . 

Porl  rre«:efit. 
CUrke  County: 

ViinctniTer  . 
Columbb  County: 

Dnj'ton . 
Cowlltst  Ojiiiity;  ! 

fttfitleftvk „.*.....„; drt , 

KAlnrtm  ......,.,<,.„.»  J di^ . 

Xkiiii^liiL^  Count)' :: 

WUivoucrpvliL. 
Jeff«»n*rni  tVunty: 

Fort  Luc!  low  , 

fVirt  Towum?uiL 
Ktng^  County: 

Auluirn, I j      40-BO 

BallHfd ,.._ ...|  WfiH"tt*nJ«rtiR^.- !    aO-160  ' 

Columbl*  CUy [  Gmvlty ,,,.. \      li!-50 

KnumHflw  , ,»^ [.....do  , 

TniH<itmh I do  . 

Keut  , |,....do. 

Eenton..... , . <\n. 

S^ttlt?.  ..-.,.....,.„....  I .  _ ,  .do 

Wesit  Seiittli-  ......,».,„  J  Dlrei*!  ^t^p»uro , 

KltJwp  County' 

Brtm^pton  „ ■  Gmiflty. 

Charlefftou ....,**,... ,  .do  * 

port  UUkrky ...L„,do. 

h^rt  ^*Btn!il(', . , .do . 

Kittitas  County: 

Clealnm . 

Ellensburg  . . . 

Roelyn 

Klickitat  County: 

Ooldendale... 

a  cuy  well.  c  Varie«  on  lower  fnt>und. 

^A  verage  well.  <#  Nearly  to  surface. 


20  .  Gravel. 
*  No  appreciable  rise. 
/Lake  level. 


TABLE  OF  MUNICIPAL  SUPPLIES. 


75 


Mumdpal  water  gupplia  in  WashinffUm — Continued. 


Location. 

System  of  waterworks 
used. 

Depth 
of  the 
wells. 

Depth  at 
which 

water  is 
com- 
monlv 
found. 

Character  of  the 

water-bearing 

material. 

Depth. 

of 

water 

from 

surface. 

Lewis  County: 

C^tralia 

Direct  pressure 

FKt. 

20-30 

Feet. 

18 
8 

Gravel....^ 

do 

Feet. 
6 

Pe-EIl 

Lincoln  County: 

DaTenport 

Gravity 

do 

20-60 
30-100 
20-40 

20-40 

10 

Harrington 

35 

20 

10-16 

10 

20 

do 

20 

Spragne 

WUbur 

do 

do 

Basalt 

4-20 
6-8 

Mason  County: 

Shelton                      .  . 

do 

10-50 
20-30 

Gravel  ... 

do 

Pacific  County: 
Ilwaco 

do 

SoQthbend  .        

do 

Direct  pressure 

Gravity 

10-60 
20-60 

1 

Buckley 

30 

Sand  -. 

10 

Carbonado 

Cirting 

do 

6-20 
10-20 
40-50 

10 

Gravel 

Pujrallup   ....             .... 

Direct  pressure 

do 

6-10 
40 

Sand    

South  Tacoma 

do 

40 

Sumner  .... 

Gravity 

Tacoma 

do 

30-100 

13-18 

10-«U 
10-25 

50 
10 

Gravel * 

30-100 

8an  Juan  County: 

Friday  Harbor 

do 

6-8 

SUgit  County: 

Anacortes 

Gravity 

16 

18 

do 

Bftinflton 

. 

Sand  and  gravel . 

T^conner 

Gravity 

Sand 

Mount  Vernon 

do 

12-14 
20-30 

Snohomish  County: 

Arlington 

Edmonds 



Gravity 

Sand  and  gravel .... 

do    

Ererett .'t 

do 

Gravity 

do 

l.V-115 
18-50 

100 
14 
75 

do 

Marysville 

Sand 

8 

Monroe 

Gravel 

8-10 

Mont«  Cristo 

SUverton 

do 

Snohomish 

do 

15-55 

40 
190 
35 

Gravel 

40-45 

Spokane  County: 
Cheney 

Direct  pressure 

do 

30-50 

190-'200 

25-40 

10-10 

Basalt   

Hillyard 

r  At^ih                         

Gravel 

185 

Rnok 

Medical  Lake I 

15  '  Baitalt..-. 

Sterens  County: 

Bossburg 

Gravity 

Colville 

do... 

10-30 

20 
18-60 

Sand 

Gravel 

5-8 

Marcus 

NorthDort 

Gravity 

Snrinffdale       

do      

30-100 

40-50 

Sand 

15-75 

Thniston  County: 
Olvmnia 

do 

i 

1 

Tenino 

25-40 

85 

Gravel 
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Location. 


Syrtemofwaterwortaj  ^fP^^ 


I 


Depth  at 
wnlch 

water  i« 
com- 
monly- 
founi 


'I 


Character  of  the 

water-bearing 

material. 


40-60 
10-20 


10-20 
40-90 


Walla  walla  County: 

Waitsburg Gravity. 

Walla  Walla do. 

Whatcom  County: 

Blaine do. 

Fairhaven do . 

Sumas 

Whatcom 

Whitman  County: 

Colfax 

Oakesdale 

Pullman 

Tekoa 100-176 

Uniontown ' j  176-200 

Yakima  County: 

North  Yakima Gravity .       l»-25 

Prowjer do ;      80-40 


Fret. 
1&-40 


'  Dcptli 

of 
I  waler 
I    from 
surface 


Frrt. 

12-16 


10 
40-60 


Gravity ' 

do ,    12-120 

I      12^1 

Gravity '  100-130  ' 


40 

10-45 

100 

100 


85 


Gravel 

do 

Sand  and  gravel  . 


Basalt 

Sand  and  gravel  , 

do 

Basalt 

do 


10-ao 

in) 
MO 


Gravel . 
do. 


Location. 


Amount  of 
'  water  ob- 
tained 
I     daily. 


Increase  or  decrease 
in  supply. 


Varia- 1  EfTect  of  | 

tion  in  'pumping  Other  u.«e8  bei^ides 
water  on  water  domestic  supply, 
level.  I    level. 


Adams  County:  I    Gallonn. 

Ritzvillc Stationary '  No....    No.. 

AmuIu  County:  I 

Aw)tln do No....    Little...  Do. 

Clarkston ' Irrigation 

Chehalis  County: 

Aberdeen 

rosmoiK)lis 

Hixiuiam 

Montcsano 

Oco«ta 

Chelan  ('ounty: 

Chelan 

lakeside 

Wenatchce 

Clallam  County: 

Port  Ang«'h's 


Port  Crescent. 
Clarke  County: 
Vancouver . . . 


.do. 


Columbia  County: 

Dayton 

Cowlitz  County: 

Ciuitleroi'k 

Kalama I i  Stationary. 

rt  A  few  feet  above. 


Stationary 

Stationary Y 

do 

do 

do 


No... 

.    No 

Yes.. 
Yes.. 

.    Ye,s 

Yes.. 
Yes.. 

.    Yes 

.,  No 

Lawns  and  gardens. 


Boiler  Hupply. 
Manufacturing. 


Irrigation. 

Do. 
Lawns  and  ImmUts. 


Stationary Yes . . .    Yes . . 

Yes... I  No... 


I 


.do. 
.do. 


Little.    Little. 


Yes . . . 

No 

Yes... 

Yes 

Yes... 

Yes 

Fire  prote<*tion  and 
power. 


Fire    protection, 
I)ower.  etc. 


None. 

Power. 
Irrigation. 


6  Above. 
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Locfttkvn. 


water  Ob- 


I  V«rla-  ,  Bffe«t  of 
InereAie  or  decnuHei  tlon  In  pitmplTii^ 
in  Kipply,         I  ivflter  |  on  water 
level.       level. 


Port  Liidtow 

AutMun , 

bJUtd „ 

£niiznc|»w  ,,«.. 

I— Hlwli 

Keot 


f/nHrwi, 


350.000 


nOfODO 


130,000 


BCAtUe. .„.„....   3i»«CU.OO0 

WMlSe«ttlt?,.., „,„.„„ 

VlmpConDtj: 

Bremerton 


Ko. 


No- 


Stallon*ry,. 


fitattunar>' . 


No,. 

.„ Y«j. 

gtiitlonaiy Yi» . 


Y**. 


SUtttmiirjr- 
.,..ilo 


Ye*. 


No.. 

Ye*. 

No.. 


Nfi.... 

Liltle... 
No  ., 


.1  So. 


dommtlcsiipfjIyH 


None. 

Botler  supp];'. 
Knne. 

Nooe. 

Fins  protection. 

IrrlKAttan. 

Nonee 

Do. 

BoLler  tuppLy. 

Flro  protection  ind 
boiler  supply. 

FlreJrrtgHtloD)  etc. 

Konc. 


I 


Charleston \ ;  Decreasing 

Port  Blakeley i 

PortOamble 150,000 


Kittitas  County: 
Clealom 


J  Yes.. 
..I 

8tationar>' '  No... 


I 


.do. 


Ellensburg  . 


.do. 


Yes... 


■Hrr    i>«i>ic;v;t.i<>ii 

boiler  supply. 
None. 
Do. 


Etiid 


Yes. 

Roaljrn \ Decreasing Yes . . .    Yes 

ElielciUt  County: 

Cioldendale i Sttttionary No —    No. 

Lewis  County:  t 

Centralia i '.  Yes...    No 

Pe  HI I Stationary |  Yes . . .    No. 

Lincoln  County: 

Davenport i do 

Harrington . 

Sprague 

Wilbur 
MiaMi  Couittjr: 

Sbelton. 
Ofcano^eati  County: 

Loomtfe 
Pacific  C>ounty' 

Ilwaco 

Southbend 

Pierce  County:  | 

Buckley 1, 200, 000  I  Stationary. 

Carbonado 20,000  | 

Orting Yes . . .   Ver>'  lit- 
tle. 

No 

Yes 


No 

No I  Fire  protection  and 

I      boiler  supply. 

No Irrigation,  fire  pro- 

j      tection  and  boiler 
I      supply. 

, Irrigation  and  twiler 

supply. 

Fire  protection  ai.d 
boiler  purposes. 

Irrigation    niid    Are 
protection. 

None. 
Do. 


.'  No....|  No. 


Puyallnp ,  Yes . . 

South  Tacoma 150, 000  ;  Increasing ;  Yes . . , 

Bnmner 


Tacoma 8,000,000  i  Stationary 


Yes... 


No. 


Irrigation   and    Are 
protection. 

Do. 

Do. 

Irrigation. 

Fire  protection. 

Boiler  supply. 

None. 
Boiler  supply. 

Fire  protection. 
Boiler  supply. 
None. 

Do. 
Boiler  supply. 


Boiler    supply,    fire 
protection,  etc. 
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Municipal  vxUer  mpplies  in  Weukmgton^  Coxi^nued, 


IjncAt\on. 

Amount  of 

talned 
dally. 

I  ncrease  o  r  d  ecreii*e 
in  iUpply. 

VariH. 
Uouln 
waU^r 
level. 

ii!i 

Other  u*e*  b(*«Lcles 
domestic  suf^ply. 

8*11  Juan  County: 

Friday  Harbor 

Qaffona. 

Ym... 

Boiler  supply. 

SkaffitCGonty: 

Stationary......*.,! 

Yea... 
Ye«.,. 

Xo.,.. 

No.... 

Kn 

No 

Ito. 

BataUlon  ....•- 

.....do ...... .....p.. 

None. 

LAC>.OQiier.  - 

tncreaalng ---- 

Do. 

Mount  Vernon  .,_.--... 

No 

No 

Fire  protection. 

gnohomtih  County: 

Arlington *... 

Edmondft ....  +  «..,, 

, _, 

Nooe. 

Everett 

Yes... 

Yet... 
Ye»... 

Ym...., 

No...... 

Yen..... 

Plre  protection ,  bol  1^ 

MarydvUle.. 

er  supply,  etc. 
None, 

Monroe ...»,,. 

Do. 

Monte  Crltfto ... . ,  „  „ 

Boiler   supply   and 

tioncenirator. 
Ooncentraturn 

^UTerton 

* 

^ohomEili . . .  4r + 

Ko.... 

Bollor  mpply. 
Fire  protection. 

Spokane  Count) : 

Cheney .  **. .  ^  * . .  ^-.  * . 

No.... 
Ye*.-. 

No 

Yes..... 

HUlrarf 

Latah 

—     — 

BtfttloDarT 

Irrigation. 

MedlCA^Lftki^..„. 

gteveni  rou  nly: 

Bofiabitrg 

\ 

ColTllle.. 

Btalionary... ..,,., 

No.... 

No...... 

Noae. 

M&rctis  .,,.... ♦ , , 

Kortbport 1        .. 

:;;:;;:::::::::::::::'::::::i::::::: 

Springdali' 

ThlJtBton  County; 

Olytnpla. 

5.000,000 

Nil.... 

BoiJermipply. 
Fife  protect  ion.  boil- 

T**ntno  

StAtltinary.,.,..-.. 

Y«... 


1  Yea 

er  stnpply,  etc. 
None. 

Water  moior. 

Wnllii  Wttllfl............. 

rncTWUiing.. ....... 

Yp«,.. 

Whatcom  Tonnty: 

BiHlne..... 

Yes... 

Boiler  mpply. 
Boiler    mipply  and 

KaI  rhit  veiv 

Summ 

Whatcom „ 

8tntl(maTy 

No.... 

No 

Are  pnjtecfjon. 

None. 

Boiler  FUpplv    and 
fipe  protect  fot^. 

Do. 

WhUmnn  r^^unty:                  1 

Colfax ...... 

_  ___  __ 

Oakciidali'. ,. 

Stationary J ...... 

Fire  protection  ► 

l^ilTninn 

9<M).000 

Dccrea^ini? 

i^tatlonary 

do 

No... 

Xo..., 
No.... 

Y« 

Ko 

Boiler    mpply   and 

Tetofl , 

Are  protcciioti. 
None. 

rniontown .....,,.. 

street  npriukllnK, 
trrlfTatloii. 

Yakima  County: 

Korth  Yakima. 

Prfw^PT  . . . .-.,,. 

No.... 

No 

Do. 
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CouiitT  uid  po&troSLix. 


T.  j  B. 


Owner  of  spHo^. 


ropwmpl 
iHMtlon. 


bic 


Quantltj  of  fiow. 


WftAhtucOA  . 

Clielftn  County: 

Wedatchcf  . 


Colasit>jA  C01111I7: 
IlK^ton  ., 

Efng  Ooontf : 
Bcriln *.. 


Benlon  ., 


GtcnwQod 

Do ,.. 

DBTeapOft ,  - '- 


HKniiii^n  . 

Do„.„. 

I  County: 
Sheltoti ..... 

Carbonado. 
Ortinff 


PajfaUup 

Staaank  Coantjr: 

OMcadea..-.,. 
I^okane  Ooimty: 


iGounty: 
0>lTfHe 

ifaUawaUa  Coimiy: 
Walla  Walla,.,, 

Yakima  County: 
FbitSimcoe , 


|a.W.Buttett Bfiieof  blafr. 

Qtotg^  BtI^ioii ,do ....... 

BUlidde 


VancoEiTer    Wa- 
terworks Ca 


City  ol  Dayton  ...,.,,  ,do  * 


Workfl. 

GllmAn       Wat^ 
Co. 


Head  of  canyon. 


Town  of  Kent .  Baie  of  steep  bill , 

T.  G.  McCalti I  Fbot  of  mountain. 

Seattle     Klectrtc  \  HnUide  ..„,..... 
Co. 


I 


tanked  l^tAte.4. 
do ,.. 


Town  of  D«veQ-    B&se  of  bluHt. 

port. 

J.L.Bali 

J.  E.  Ludy _.,....   Deep  valley 

L.  T.  Lu  per ....... ,  Valley 

H.  B.  FleU^tn^r.. do 


Vnlley. ...... 

Base  of  bluf!. 
In  cBnyom,,, 


Town  of  t^hdlon .,  Klllsidtf , 


Carbon  Mill  C<m1    du 

Co. 

Ordnj^  IJj^ht  and  do....... 

W'mvr  (o. 

aty  of  Tm'nmft...    Bftseofbluff, 
Thomas  MolTatt ..   Hllliidt- 


Wftllum  Fr^rtb-  '  BtuH^  of  UlUtT, 
mtin. 


J.  r,  Hofeteta  . 


Valley, 


II     15      9 


City   of    Wi*nit,. ..-do-. ..*..», 
IValla. 

YakLma  rndinni,.   Narrow  YAlley, 


as 


*% 


n  500.  COD 

MB3»013 


^300,000 
«2 


b2&^wao 


A2AlOOO 

*Tao 


fe57,« 


a  Miner's  inches 


6  Daily. 
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UNDERGROUND    WATERS   OF    WASHINGTON. 
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Represent4jtive  springs  in  Washin0on — Continued. 


('ounty  and  poet-office. 

Variation  In  flow. 

Taste. 

Temper- 
ature. 

Quality  of  1     Kind  of 
water.     |       rtvk. 

Adams  County: 

O/T           , 

Washtucna 

None 

Pleasant... 

40    Soft Basalt. 

Chelan  County: 

Wenatehee 

Decreases  in  flow  in  au- 
tumn. 

do 

55     Hard iwi 

Clarke  County: 

Vancouver  

Varies  slightly 

do 

Soft 

(Columbia  Comity: 

1 
1                        : 

Dayton 

Decreases  in  summer. . . 

do 

do.... 

King  County: 

Berlin.                         .  . 

None  - 

Soda. 

Alkaline  . 

Syenite. 

Issaquah 

Kent 

do 

Pleasant... 

Soft 

Decreases  in  summer. . . 
None 

do 

do.... 

nranftf* 

McCain 

Sulphur  . . . 
Pleasant. . . 

122 

Sulphur .. 

Renton 

Diminishes  in  autumn . 

Soft 1 

1 

Klickitat  Couniy: 

Glenwood 

None 

do 

i 

Basalt. 
Do 

Do 

do 

Unpleasant 

76    Cnarged 
with  gas. 

Qoldendale 

do 

Mineral... 

100  I do.... 

Do. 

Lincoln  County: 

Davenport 

Decreases  in  summer . . . 
None 

Pleasant... 

Soft 

do.    . 

Granite. 

Harring'ton 

Do 

Decreases  in  summer. . . 

Pleasant... 

45 

do.... 

Basalt. 

Do 

None 

do 

do.... 

Sherman 

do 

do 

do 

Mason  County: 

Shellon 

do 

do 

do.... 

Pierce  County: 

CarlK)nad<> 

Decreases  in  summer, . . 
None 

do 

do 

54  1 do ■ 

Orting 

do.... 

Puynllup 

Skamania  County: 

do •... 

do 

do--._ 

! 

do 

Sulphur  .  . 

% 

Sulphur,    1 
iron.  etc. 

SrK)kane  County: 

I^ituh 

Maximum  in  spring 

Pleasant. . . 

Hoft 

Stevens  County: 

Colville 

None 

do 

do.... 

Wallawnlla  County: 

Walla  Walla..  .. 

do 

do 

do.... 

Yakima  County: 

F(.>rt  Simcoc 

do 

Sixin 

Warm  .. 

Charged 
with  gas. 

TABLE   OF   SPRINGS. 
BqfireierUaiwe  springs  in  Washington — Continued. 
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CotiDty  and  po8tH>ffice. 


AdAins  OouDty: 
Washtucna . 

CbeUn  County: 
Wenatcbee . 


Clarke  Coonty: 

Vancouver . . . 
CoIumbJA  County: 

Dayton 

Kin^  County: 

Berlin 

IflBaquah 

Kent 


McCain. 


Renton 

Klickitat  County: 

Glenwood 

Do 

Goldendale 

Lincoln  County: 

Davenport 

Harrington . 
Do. 
Do. 

Sherman  . 
Mason  County: 

Shelton. 
Pieire  County: 

Carbonado. 

Orting . 

Pnyallup  . 
rrkamania  County: 

Cascades 


:^pokane  County: 

Latah 

.•^tevens  County: 

ColviUe 

WalJA walla  County: 

Walla  Walla 

Yakima  County  : 

Fort  Simcoe 


Seepfior 
stream. 


Stream  . 


.do. 


do.... 

Seeps  out . 


Stream  . 

do.. 

do.. 


Dcpoflite 
of  min- 
eral mat- 
ter about 
upring. 


None . . . 


r^e  of  water        Improvement* 
L.Heui\\aier.  at  spring. 


Town  supply  and  ■  None  . 
irrigation.  | 


.    Domestic  and  irrl- ! do  . 

i      gation. 


.do. 
.do. 


Iron  . . . 


cnty  water  Hupply. 
do 


None  po  far. 


None  . . . '  Town  supply  . 


Seep«  out . 
....do.... 


.do... 
.do... 
.do... 


.do. 


.do. 

.do. 

.do. 
.do. 
.do. 


Medicinal      ami     Hotel, 
bathing. 

Town  supply None  . 


Stream  . 
....do.. 
....do.. 


Iron  . 
Yes.. 
Iron  . 


.do None.. 


None do . 

do do  . 

do ' do  . 


City  supply do  . 


.do  ...    Domestic 

.do do  . 

.do  ...' do  . 

.do do  . 


.do... do do. 

.do  ...  I  Domestir do  . 

.do...'  City  supply do 


Improve- 
menta  con- 
templated. 


None. 


Do. 


Seep.M  out . . . ! d« 

t 
Stream 


Mi'dicinal.donu's 
tic 


Hotel     a  n  d 
hiith  house. 


Domesti*.' None.. 

Seeps  out do  . . .    Town  snpply do  . 

Stream do  . . .    City  snpply «lo  . 

I                  I 
Seeps  r)nt...    Iron Bathing d<». 


Do. 


Di>. 


Hotel. 

None. 

Storage  res- 
ervoir. 

Addition  to 
hotel. 

None. 


Do. 

Do. 

Hotel  and 
a  bath 
house. 

None. 

Do. 
Do. 
Do. 

Do. 

Do. 
Dr). 
Do. 

New  hotel 
and  bath 
house. 

None. 
Do. 
Do. 


iBR  HI— or>- 
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Aberdeen,  water  supply  of 1 1, 69, 71, 74, 70 

Adama  County,  general  features  of 7-8 

municipal  water-supply  systems  in 8, 

69,71,74,76 

springs  in 9,79,80,81 

weUs.  deep.  in'....  8-9,65,66,67,68,69,71,74,76 

Anacortes,  water  supply  of 43, 70, 73, 75, 78 

Arlington,  water  supply  of. 45, 70, 73, 75, 78 

Asotin,  water  supply  of 9-10 

.isotin  County,  general  features  oL 9 

municipal  water-supply  systems  in 9*10, 

69,71,74,76 

welUin 10 

Auburn,  water  supply  of 23,69,72, 74, 77 

Ballard,  water  supply  of 23,69,72,74,77 

Berlin,  spring  at 26,79,80,81 

Blaine,  water  supply  of 56, 71, 73, 76, 78 

Bossburg,  water  supply  of 51, 70, 73, 75, 78 

Bremerton,  water  supply  of 27,69, 72, 74, 77 

Buckley,  water  supply  of 39, 70, 72, 75, 77 

Byeni,  II.  G.,  analyses  by.  11,24,25,31,40,46,47,54 

Carbonado,  water  supply  of 39, 

41,70,72,75,77,79,80,81 

Cascades,  spring  at 44,79,80,81 

Castle  Rock,  water  supply  of 17,69, 71 ,  74, 76 

Cratraiia,  water  supply  of 33, 70, 72, 75, 77 

Charleston,  water  supply  oL 28,69, 72, 74, 77 

Cbehalis  County,  general  features  of 10-1 1 

municipal  water-supply   systems   and 

wells  in 11-12,69,71,74,76 

Chelan,  water  supply  of 13,69,71,74.76 

ilielan  County,  general  features  of. 12 

municipal  water-supply  systems  in 13. 

69, 71, 74, 7ft 

springs  in 1.3,79, SO.Hi 

riieney,  water  supply  of 48, 70, 73, 75, 78 

Clallam  County,  general  features  of 13-U 

municipal  water-supply  systems    and 

wells  in 14,69,71,74,76 

Clsrke  County,  general  features  of 15 

municipal  water-supply  systems    and 

wells  in 15, 69, 7 1 ,  74, 76 

springs  in 15. 79.  S(),  si 

(larkston,  water  supply  of 10 

Cle«lum.  water  supply  of 2<»,  69, 72. 74 .  77 

(lorer  Creek,  water  from,  analysis  of 40 

Colfax.  wat«r  supply  of ')S,  7 1 ,  73, 76. 7H 

Columbia  City,  water  supply  of . . .  2A,m,  72, 74. 77 
Columbia  County,  general  features  of 16 

municipal  systems  in 16,69  71, 74, 76 

springs  in 16,79.80.81 

<'olTille,  water  supply  of rA, 

65, 66, 67, 68, 70, 73, 75. 7K,  79, 80, 81 
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Connell,  well  at 21,65,66,67,68 

Cosmopolis,  water  supply  at 11,69,71,74,76 

CoupevUle,  wells  at 66,67,68,69 

Cowlitz  County,  general  features  of. 16-17 

municipal  systems  in 17, 69, 71 ,  74, 76 

Cunningham,  well  at 9,65,66,67,68 

Davenport,  water  supply  of 34, 

35,70,72,75,77,79,80,81 
Dayton,  water  supply  of..  16,69,71,74,76,79,80,81 

Douglas  County,  general  features  of 17-18 

municipal  systems  and  wells  In 18- 

20,69,72,74,77 

!   Edmunds,  water  supply  of 46, 70, 73, 75, 78 

EUensburg,  water  supply  of 29,62,74,77 

Enumolaw.  water  supply  of 24,69,72,74,77 

I    Everett,  water  supply  of 46, 70, 73, 75, 78 

I    Fairhaven,  water  supply  of 56,71,73,76,78 

;    Fort  Simcoe,  spring  at 79,80,81 

I   Franklin  County,  general  features  of 20 

springs  in 21 

wells,  deep,  in 21,65,66,67,68 

Friday  Harbor,  water  supply  of...  42,71,73,75,78 

Fulmer,  Elton,  analysis  by 59 

Glenwood.  spring  near 31,79,80,81 

Goldendale.  water  supply  of 31, 70, 72, 74, 77 

Hamilton,  water  supply  of 43, 70, 7.3, 75, 78 

Harrington,  water  supply  of 34, 

35.70,72.75,77,79,80,81 

Hillyard,  water  supply  of 49, 

:k),  6.->.  66, 67, 68. 70, 73,  Z"),  78 

Hoquiam,  water  supply  at 11,69,71,74,76 

Ilwaco.  water  supply  <»f 38, 70, 72, 75, 77 

Island  County,  wells  in 66,67,68,69 

Issaquah,  water  supply  of 24, 

26,69,72,74.77,79,80,81 

Jefferson  County,  general  features  of 21-22 

municipal  systems  and  wells  in 22, 

69, 72, 74, 77 

Kalama,  water  supply  of 17,69,71,74,76 

Kent,  wa ter  supply  of.  24. 26, 69. 72, 74, 77, 79, 80, 81 

King  County,  general  features  of 22-23 

muni(  ipal  systems  In 23-25, 69, 72. 74, 77 

springs  in 26-27, 79, 80, 81 

Kitsap  County,  general  features  of 27 

municipal  systems  in 27-28, 69, 72, 74, 77 

Kittitas  County,  general  features  of 28-29 

municipal  systems  in 29-30, 69, 72, 74, 77 

Klickitat  County,  general  features  of 30 

municipal  systems  In 31, 70, 72, 74, 77 

springs  In 31-32,79,80,81 

Knight.  H.  C,  analyses  by 19,26.28 

Laconner,  water  supply  of 43, 70, 73, 75, 78 

Lake.    See  next  word  of  name. 
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Lakeside,  water  supply  of 13, 69, 71 ,  74, 76 

LaUh,  water  supply  of  . .  40, 70, 73, 75, 78, 79, 80, 81 

Lewis  County,  general  features  of 32 

municipal  systems  in 32, 70, 72, 75, 77 

Lincoln  County,  general  features  of 33 

municipal  systems  and  wells  in.  34, 70, 72, 75, 77 

springs  in 34-35,79,80,81 

Loomis,  water  supply  of 37, 70, 72, 75, 77 

Madison,  springs  noa  r 26 

Maplewood  Springs,  water  supply  derived 

from 39,41.70.72,75,77,79,81 

Marcas,  water  supply  of 51,70, 73,75,78 

Mariner,  O.  A.,  analyses  by 49 

HarysTiUe,  water  supply  of 46, 70, 73, 75, 78 

Mason  Coimty,  general  features  of 35 

municipal  systems  and  wells  in.  36, 70, 72, 75, 77 

springs  in 36,79,80,81 

Medical  Lake,  water  supply  of. . ..  48.70,73,75,78 

Monroe,  water  supply  of 46, 70, 73, 75, 78 

Monte  Cristo,  water  supply  of 47, 70, 73, 75, 78 

Montesano,  water  supply  at . . .  11-12, 69, 71, 74, 76 

Moses  T^ke,  description  of 19 

Mount  Vernon,  water  supply  of . . .  43, 70, 73, 75, 78 
Municipal  water-supply  systems,  in  Adams 

County 8,69,71,74,76 

in  Asotin  County 9-10. 69, 71, 74, 76 

in  Chehalls  County 11-12, 69, 71, 74, 76 

in  Chelan  County 13, 69, 71, 74, 76 

in  Clallam  County 14, 69, 71, 74, 76 

in  Clarke  County 15, 69, 71, 74, 76 

in  Columbia  County 16, 69. 71, 74, 76 

in  Cowlitz  County 17, 69. 71, 74, 76 

in  Douglas  County 18-20, 69, 72, 74, 77 

in  Jefferson  County 22, 69. 72, 74, 77 

in  King  County XWJTi,  69. 72, 74, 77 

in  Kitsap  County 27-  28. 69. 72, 74, 77 

in  Kittitas  County 20-30.69. ?2, 74, 77 

in  KUckitat  County 31. 70. 72, 74, 77 

in  Lewis  (^ounty :«,  70, 72, 7.'),  77 

in  Lincoln  Coimty 34. 70, 72, 75, 77 

in  Mason  County 36, 70. 72, 75, 77 

in  Okanogan  County 37. 70. 72. 7."),  77 

in  Pacific  County 3«.  70. 72. 7.'),  77 

in  IMorco  Coimty 30-40, 70. 72. 75, 77 

In  San  Juan  County 42. 70. 73, 75, 78 

in  Skagit  County 43, 70, 73, 7.'),  78 

in  Snohomish  County 4.V47, 70. 73, 7.'),  78 

in  Spokane  County 4S-40. 70, 73, 75, 7« 

in  Stevens  County 51, 70, 73, 75, 78 

in  Thurston  County .')2, 71, 73, 75, 78 

in  Walla  walla  Count  y 54, 71, 73. 76. 78 

in  Whatcom  County ."><».  71, 73, 76, 78 

in  Whitman  County .'vS-.-i9. 71, 73, 76, 78 

in  Yakima  County 62  63, 71, 73, 76. 78 

North  Yakima,  water  supply  of 62, 

6.^fUi,rw.f>S,7I,7:j,76.78 

Northport,  water  supply  of 51, 7»),  73, 75. 78 

Oake8<ii»Ie,  water  supply  of M.  71, 73, 76, 78 

Ooosta.  water  supply  at 12,60,71.74.76 

Okanogan  County,  general  feature*  of 36-.37 

municipal  systems  in 37, 70, 72, 75, 77 

Olympia.  water  supply  of 52.71,73,75.78 

Orting,  water  supply  of 39, 

41.70.72.75.77.70,80,81 

Pacific  County,  general  features  of 37- .38 

municipal  systems  in 38. 70, 72, 75, 77 
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Padden,  Lake,  water  from,  analysis  of 56 

Palouse,  water  supply  of 59-60, 66, 67. 6S 

Pe  Ell,  water  supply  of 33, 70, 72, 75, 77 

Pierce  County,  general  features  of 38-39 

municipal  systems  In 39-^0, 70, 72. 75, 77 

springs  in 39,40,41,79,80.81 

Port  Angeles,  water  supply  of 14. 69. 71 ,  74, 76 

Port  Blaketoy,  water  supply  of  . . .  28, 69, 72, 74, 77 

Port  Crescent,  water  supply  of 14, 69, 71, 74, 76 

Port  Gamble,  water  supply  of 28. 69, 72, 74. 77 

Port  Ludlow,  water  supply  at 22, 69, 72, 74, 77 

Port  Townsend,  water  supply  at . .  22, 69, 72, 74, 77 

Prosser,  water  supply  of 63, 71 ,  73, 76. 7S 

Pullman,  water  supply  of.  59. 60, 66, 68, 71 .  T.\,  76. 78 

I  Puyallup,  water  supply  of 39. 

1  41.70.72,75,77,79,80,81 

I  Rainfall  In  Adams  County S 

In  Asotin  County o 

I         in  Chelan  County 12 

I         In  Clallam  County i.i 

in  Clarke  County 1." 

in  Columbia  County ifi 

I         in  Cowllts  County 17 

in  Douglas  County is 

in  Franklin  County 2«J 

j         In  Jefferson  County 22 

in  King  County 22 

in  Kitsap  County 27 

in  Kittitas  County 29 

in  KlickiUt  County .30 

I         in  Lewis  County 32 

in  Lincoln  County 33 

I         in  Mason  County :i."» 

in  Okanogan  County 37 

In  Pacific  County :n 

in  Pierce  County 3s 

In  San  Juan  County 41 

in  Skagit  County 42 

in  Skamania  County 44 

in  Snohomish  County 4.'» 

in  Spokane  County 4s 

in  Stevens  County 5u 

in  Thurston  County .V2 

In  Wallawalla  County r<i 

in  Whatcom  County .Vi 

in  Whitman  County 57 

in  Yakima  County fi2 

Renton,  water  supply  of 25. 

27.60,72,74,77.7!>.S(I.><1 
I   Ritf.ville,  water  supply  system  at..  8,60.71,74.76 

Roslyn,  water  supply  of 30, 02. 74. 77 

San  Juan  County,  general  features  of 41-42 

municipal  systems  In 42, 70,  T.i,  75. 7S 

Sanitarium  Lake.    Srf  Soap  Lake. 

,  Seattle,  water  supply  of 25,60. 72, 74, 77 

Shelton,  water  supply  of  .  ;i6, 70, 72, 75, 77, 7»»,  80.  hi 

Sherman,  spring  near 35, 7».»,  80.  SI 

,  Silverton,  water  supply  of 47, 70, 7.^,  75, 7S 

Skagit  County,  general  features  of 42-43 

municipal  systems  In 43, 70, 73. 75,  7h 

Skamania  County,  general  features  of 44 

springsin 44,70,80,81 

,  Snohomish,  water  supply  of 47, 70, 73, 75, 7S 

!  Snohomish  County,  general  features  of 45 

municipal  systems  In 45.47.70,73.75.78 

Soap  Lake,  description  of lO-2ti 
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Sooth  Taconu,  water  supply  of . . .  40, 70, 72, 7b,  T7 

Soutbbend,  water  supply  of 38, 70, 72, 75, 77 

Spokane,  water  supply  of 49 

Spokane  County,  general  features  of 47-48 

municipal  systems  and  wells  in 48-49, 

70,73,75,78 

springs  in 50, 79, 80, 81 

Sprsgne.  water  supply  of 34, 70, 72, 75, 77 

Spring  water,  analysis  of,  from  Berlin 26 

analysis  of,  from  Great  Northern  Hot 

Springs 27 

from  Bremerton 28 

from  near  Goldendale 31 

Springdale,  water  supply  of 51, 70, 73, 75, 78 

Springs,  in  Adams  County 9,79,80,81 

in  Chelan  County 13, 79, 80, 81 

in  Clark  County 15, 79, 80, 81 

in  Columbia  County 16, 79, 80,  HI 

in  Franklin  County 21 

in  King  County 26-27,79,80,81 

in  Kitsap  County 28 

in  Kittitas  County 29,69,72, 74 

in  KllckiUt  County 31-32, 79, 80, 81 

in  Lincoln  County 34-35, 79, 80, 81 

in  Mason  County 36,79,80,81 

in  Pacific  County ;»,  70, 72, 75, 77 

in  Pierce  County 8i»,  40, 41, 79, 80, 81 

in  Skagit  County 43,70,73,75,78 

in  Skamania  County 44, 79, 80, 81 

in  Spokane  County 50,79,80,81 

in  Stevene  County 51,79,80,81 

in  Thurston  County 52, 71 ,  73, 75, 78 

in  Walla  walla  County.  54, 71, 73, 76, 78, 79, 80, 81 

in  Whatcom  County 56, 71 ,  73, 76, 78 

in  Yakima  County 64,79,80,81 

Sti'vens  County,  general  features  of 50-51 

municipal  systems  in 51, 70, 73, 75, 78 

springs  in 51, 79, 80, 81 

wells  in 51,65,66,67,68 

Somas,  water  supply  of 56,71,73,76,78 

Sumner,  water  supply  of 40, 70, 72, 75. 77 

Tacoma,  water  supply  of 40, 70. 72, 75. 77 

Tanrer.  G.  L.,  analysis  by 46 

Tekoa.  water  supply  of  59,60,66,67,68.71,73,76,78 

Tenino.  water  supply  of 52, 71 ,  73, 75, 78 

Thurston  County,  general  features  of .')2 

municipal  systems  in 52. 71 ,  73, 7:.,  78 

wells  in 53,  a-»,  66. 67. 68, 7 1 ,  73. 75. 78 

Cniontown,  water  supply  of 59, 71, 73, 76, 78 

Vancouver,  springs  near 15, 70, 80, 81 

water  supply  of 15, 60, 71, 74, 76 

Waitsburg,  water  supply  of 54, 71 .  73. 76. 78 

Walla  Walla,  water  supply  of 54 , 

66, 67, 68, 71, 73, 76. 7S,  70,  S(l,  81 

Walla  walla  County.  gi»neral  features  r>f .V3-54 

municipal  systems  in 54. 71. 73, 76, 78 
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Wallawalla  County,  springs  in 54, 71, 

73, 76, 7S,  79, 80, 81 

wells  in .M,  66, 67, 68, 69, 76 

Washtucna,  spring  near 9, 79, 80, 81 

Water  supply  systems.    5re  Municipal  wa- 
ter supply  systems. 

Well  water,  analysis  of,  from  Aberdeen 11 

analysis  of,  from  Port  Townsend 22 

from  Ballard 24 

Wells,  in  Adams  County 8-9, 

6.-),  66, 67, 68, 60, 71, 74, 76 

in  Asotin  County 10 

in  Chehalls  County 11, 12, 60, 71, 74, 76 

in  Clallam  County 14, 69, 71, 74, 76 

in  Clarke  County 15,69, 71, 74, 76 

in  Cowlitr  County 17 

in  Douglas  County 18, 69, 72, 74, 77 

in  Franklin  County 21, 65, 66, 67, 68 

in  Jefferson  County 22, 60, 72, 74, 77 

in  King  County 23-25, 69, 72, 74, 77 

in  Kittitas  County 30,74,77 

in  KlickiUt  County 31,74,77 

in  Lewis  County 33, 70, 72, 75, 77 

in  Lincoln  County 34,70,72,75.77 

in  Mason  County .34, 75 

in  Okanogan  County 37, 75 

in  Par-ific  County .38, 75 

in  Pierce  County :  0, 40, 70, 72, 75, 77 

in  San  Juan  County 42, 70, 73, 75, 78 

in  Skagit  County 43, 70, 73, 75, 78 

in  Snohomish  Count y 46, 47, 70, 73, 75, 78 

in  Spokane  County  49, 65, 66, 67, 68, 70, 73, 75, 78 

in  Stevens  County 51, 0.^, 66, 67, 68, 75 

in  Thurston  County 53, 

6.5,66,67,68,71,73,75.78 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Reclamation  Service, 
WashingUm,  D.  C,  March  28,  190^. 
Sib:  I  have  the  honor  to  transmit,  for  publication  in  the  series  of 
Water-Supply  and  Irrigation  Papers,  a  manuscript  entitled  ''Under- 
flow Testa  in  the  Drainage  Basin  of   Los  Angeles  River,"  by  Mr. 
Homer  Hamlin. 

The  report  describes  the  conditions  under  which  ground  water 
u:$ually  occurs  in  arid  regions  and  the  fluctuations  in  the  water  level 
due  to  rainfall  and  other  causes.  The  methods  used  in  obtaining  this 
mformation  are  of  interest,  and  the  paper  will  contribute  valuable 
material  to  the  hnportant  subject  of  underground  waters  and  their  use 
in  the  arid  regions. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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l^ERFLOW  TESTS  IN  THE  DRAINAGE  BASIN  OF  LOS 
ANGELES  RIVER. 


By  HoMEK  Hamlin. 


IXTllODUCTION. 

The  purpose  of  this  report  is  to  assemble  in  one  puhlica-tion  the 
results  of  a  series  of  underflow  tests  made  in  the  drainage  basin  of 
La-*  Angeles  River  in  1902  and  1903  by  the  United  States  Geological 
Survey. 

This  report  briefly  describes  the  conditions  under  which  ground 
water  usually  occurs,  especiall}'  in  arid  regions,  and  the  fluctuations  in 
its  water  level  due  to  rainfall  and  to  sinking  flo(Kl  waters. 

The  method  of  testing  used  was  invented  by  Prof.  Charles  S.  Slich- 
ter, and  is  fully  described  in  '"The  Motions  of  Underground  Waters." " 
Cp  to  the  present  few  investigators  liave  used  this  method. 

An  attempt  has  l)een  made  to  describe  briefly  the  method  of  sinking 
test  wells  and  the  machinery  designed  and  used  during  this  investiga- 
tion. The  various  devices  used  in  testing  and  the  arrangement  of  the 
instruments,  the  methods  of  testing  found  most  satisfactory,  the 
results  o))tained  at  each  of  the  testing  stations,  and  the  amount  of 
undei-flow  supposed  to  pass  the  Huron  street  section,  are  fully 
described. 

GllOUNl)   WATKR. 

By  ground  water  is  meant  water  percolating  b<»neath  the  surface  of 
the  earth.  The  original  source  of  all  ground  water  is  niinfall.  Part 
of  the  rain  soaks  into  the  ground  and  percolates  downward  until  it 
reaches  a  level  where  the  interstices  of  the  rocks,  sand,  and  gravel  are 
already  saturated;  another  part  is  absorbed  by  growing  plants  or 
evaporated  from  the  surface  of  the  ground;  and  still  another  part 
runs  off  in  surface  streams. 

ofilicbter,  Charles  S.,  The  motiuUH  of  iindengruuiKi  waten:  Water-Sup.  ami  Irr.  Paper  No.  67,  U.  8. 
GeoL  Survey,  1902. 
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WATKR  TABIiE. 

The  upper  surface  of  the  water-soaked  zone  in  pervious  ground  is 
called   the  water   table   or  water  plane.     Froni   the  surface  of  the 
ground  to  the  water  table  the  ground  in  damp  but  not  saturated,  and 
all  contributions  of  surface  water  continually  tend  to  sink  downward, 
while  below  this  level  the  ground  is  completely  saturated;  that  is,  all 
of  the  open  spaces  l>etween  the  rock  particles  are  full  of  water.     The 
water  table  is  the  level  at  which  water  is  struck  in  a  well.     In  artesian 
belts  the  water  is  under  pressure,  being  confined  by  overlying  Impervi- 
ous strata,  and  when  such  strata  are  pierced  it  rises  to  the  level  of 
the  outcrop  of  the  water-bearing  formation.     The  water  table  is  not 
a  level   plane  like^he  surface  of  a  late,  except  rarely  in  inclosed 
basins,  but  usually  has  a  slope  toward  the  main  drainage  lines  of  the 
region,  to  which  the  ground  water  slowly  flows.     The  slopes  usually 
follow  in  a  general  way  the  surface  topography,  but  are  much  flatter. 

FliUCTUATIONS  OF  WATER  TABJL.E. 

As  the  ground  below  the  water  table  is  completely  satui-ated,  any 
contributions  of  water  from  the  surface  must  result  either  in  raising  the 
w  ater  table  or  in  a  lateral  movement  of  the  ground  water  toward  some 
outlet.  Usually  both  phenomena  occur,  the  lateral  flow  being  a  result 
of  and  following  the  rise  in  the  water  table.  In  humid  regions  the 
supply  from  rainfall  is  so  nearly  constant  throughout  the  seasons  that 
the  position  of  the  water  table  is  [)ractically  fixed,  and  the  i*ate  of 
lateral  movement  does  not  change  appreciably  from  year  to  year.  In 
arid  regions  nuich.of  the  ground  water  under  the  plains  and  valleys  is 
supplied  by  the  streams  which  pour  down  from  adjacent  mountain 
ranges.  When  such  streams  leave  the  mountain  canyons  they  soon 
sink  in  their  debris  cones  of  sand,  gravel,  and  bowlders;  in  such  local- 
ities the  water  tal)le  is  sometimes  20(>  or  800  feet  l)elow  the  surface. 
When  in  flood  such  streams  discharge  enormous  quantities  of  water, 
which  sinks  and  is  added  to  the  ground  water  of  the  region.  The 
imniodiate  result  is  the  raising  of  the  water  table,  often  25  to  50  feet, 
over  the  region  where  the  sinking  occurs.  The  ground  water  after- 
wards Hows  outward  in  a  generally  horizontal  direction  from  these 
regions  and  the  water  table  is  gradually  lowered.  In  arid  regions  the 
water  table  rises  sometimes  many  feet  during  rainy  seasons  and  gradu- 
ally sinks  in  dry  years  or  during  the  dry  season.  ^     » 

VEL.OCITY  OF  irNDERFJL.OW. 

The  slowly  moving  ground  water  beneath  a  stream  bed  or  valley  is 
usually  designated  ''tlie  underflow."  In  order  to  estimate  accurately 
the  amount  of  ground  water  passing  a  given  section,  it  is  necessary  to 
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know,  among  other  factoi-s,  the  rate  of  movement  or  velocity  of  the 
underflow  through  the  pervious  l>eds  }>elow.  This  is  convenient!}' 
niea8ured  by  the  method  invented  by  Professor  Slichter.**  Briefly  the 
method  is  as  follows: 

A  group  of  four  or  live  wells  arranged  as  shown  in  figs.  9  and  10  is 
sunk  at  the  locality  where  the  underflow  is  to  be  tested.  Well  A  is 
phieed  upstream^  or  in  the  direction  from  which  the  underflow  is  sup- 
posed to  come,  and  the  wells  B,  C,  D,  and  E  are  spaced  downstream 
at  a  uniform  distance  from  well  A.  All  of  these  wells  are  of  small 
diameter  (drive  pipe,  li  to  2  inches)  and  have  from  4  to  S  feet  of  per- 
forated screen,  usually  ordinary  well  points,  at  the  lower  end.  These 
perforations  allow  the  percolating  water  to  pass  through  the  pipe 
driven  into  the  pervious  stratum  to  l)e  tested.  The  upper  well,  A,  is 
charged  with  a  chemical,  usually  sal  ammoniac  (NH^Cl).  which  dis- 
solves in  the  water  passing  through  the  well  and  is  carried  along  by 
the  underflow  to  one  or  more  of  the  lower  wells  -which  ones  depends 
upon  the  direction  of  the  underflow.  The  arrival  at  one  of  the  lower 
wells  of  water  containing  sal  ammoniac  in  solution  is  detected  by 
means  of  electrical  instmments. 

METHODS  ANI>  APPARATUS  USED  IN  UNDERFLOW  TESTS. 

.'  In  September,  1902,  the  writer  was  placed  in  charge  of  experiments 
to  determine,  if  possible,  the  amount  of  underflow  paiising  through 
the  narrows  of  Los  Angeles,River  at  Huron  street,  Los  Angeles,  C.^il. 
Velocity  measurements  were  begun  under  direction  of  Prof.  Charles 
S.  Slichter,  with  the  apparatus  invented  >)y  him.  As  the  work  pro- 
gressed and  tests  at  greater  depths  were  made  it  was  found  n(»cessary 
to  modify  this  apparatus  to  suit  local  conditions. 

LOCATION  OF  TEST  WELLS. 

The  first  step  in  testing  the  velocity  of  an  underflow  is  to  determine, 
approximately,  the  direction  in  which  the  underflow  moves,  and  the 
second  is  to  drill  the  test  w  ells  for  measuring  it.  If  the  locality  chosen 
is  in  a  narrow  valley  or  canyon  bounded  by  rock  walls,  it  is  obvious  that 
the  underflow  must  be  dow  n  the  general  trend  of  the  valley.  If,  how- 
ever, the  test«  are  to  be  made  in  a  wide  valley  or  plain,  it  is  advisable 
to  ascertain  the  extent  and  slope  of  the  water  table  in  the  vicinity. 

If  there  are  wells  near,  they  should  be  located  by  some  of  the  ordi- 
nary methods  of  surveying,  and  levels  referred  to  some  permanent 
bench  mark  should  be  run  and  the  surface  elevation  at  each  well  deter- 
mined. The  depth  to  water  should  be  measured  and  the  elevation  of 
the  water  table  computed.  It  is  sometimes  necessary  to  sink  addi 
tional  test  wells,  which  should  l)e  located  as  just  described.     The  data 

a  Water-Sup.  and  Irr.  Paper  No.  07,  U.  S.  Ocol.  Survey,  pp.  48-61. 
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should  1)0  platted  on  a  map  and  contours,  or  lines  of  equal  elevation,  ^ 
the  water  table  drawn,  and  the  slope  of  the  water  table  determine^^* 
The  movement  of  the  ground  water  in  general  is  down  the  slope  of  tt^^ 
water  table. 

Fig.  21  (p.  42)  is  a  map  of  the  narrows  of  Los  Angeles  River  C^^ 
Huron  street,  Los  Angeles,  Cal.,  showing  the  extent  and  slope  of  tlm  ^ 
water  table  at  that  locality.  The  broken  contour  lines  show  the  iori:M 
of  the  water  table  in  December,  1902;  the  dotted  contour  lines  th  ^ 
form  in  June,  1903.  The  rise  in  the  water  table  was  due  to  th^^ 
sinking  flood  waters  of  the  Arro3^o  Seco,  which  enters  Los  Angeled 
River  a  short  distance  below.  Its  channel  is  usually  a  dry  wash  o:t 
sand  and  bowlders,  but  was  in  flood  during  March  and  April,  1902 -. 
and  the  map  shows  plainl}^  the  sudden  rise  in  the  ground  water  due  to 
the  sinking  of  the  storm  waters. 

A  practical  conclusion  to  be  drawn  from  this  map  is  that  in  order* 
to  avoid  the  disturbing  influence  of  the  fluctuations  of  a  tributar}^ 
stream  the  test  wells  should  be  located  a  considerable  distance  either* 
above  or  below  the  mouth  of  such  a  stream. 

When  the  slope  of  the  water  table  and  the  approximate  direction  of 
the  underflow  have  been  ascertained,  wells  for  testing  the  velocity 
should  be  sunk  in  groups  arranged  as  shown  in  figs.  9  and  10  (pp. 
24  and  25).     They  may  be  sunk  by  any  of  several  methods,  depending* 
on  the  locality,  depth  to  the  water  table,  coarseness  of  material,  etc. 

HAND    DRIVING. 

For  shallow  wells  in  unconsolidated  material  ordinary  well  points, 
as  shown  in  tigs.  2  and  3  of  PI.  1,  ^1,  may  be  used.  These  are  screwed 
on  a  length  of  stjindard  or  extra  strong  wrought-iron  pipe  and  simplv 
driven  into  the  porous  strata.  Two  men  using  a  heavy  wood  maul, 
as  shown  in  PI.  1,7?,  can  drive  such  wells  to  a  considemble  depth,  and. 
in  such  cases,  this  is  a  rapid  and  economical  method.  It  is  not  possi- 
ble, however,  to  collect  samples  of  the  material  penetrated,  and  the 
porosity  must  be  estimated  from  the  amount  of  water  yielded  w  hen 
the  wells  are  pumped.  This  method  was  used  in  the  first  velocity  test 
made  in  Los  Angeles  River,  but  was  abandoned  as  unsatisfactory 
when  deeper  tests  were  attempted. 

A  poi-table  hand  rig  is  sometimes  used  to  drive  well  points.  Ordi- 
narily two  men  can  drive  as  many  feet  a  day  with  a  maul  as  with  the 
hand  rig  in  unconsolidated  sands,  unless  the  wells  are  deep.  When 
used  in  conlbination  with  the  hydraulic-jet  method  of  sinking  wells, 
such  a  rig  will  sink  a  pipe  to  a  considerable  depth,  depending  on  tlu^ 
material  penetrated,  but  when  the  material  is  coarse  a  point  is  soon 
reached  beyond  w  hich  it  is  impossible  to  drive  any  style  of  small  pipe, 
as  it  is  telescoped  or  battered  by  the  hammer. 
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When  the  slope  of  the  water  table  and  the  approximate  direction  of 
the  underflow  have  been  ascertained,  wells  for  testing  the  velocity 
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on  the  locality,  depth  to  the  water  table,  coarseness  of  material,  etc. 
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For  shallow  wells  in  unconsolidated  material  ordinary-  well  points, 
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driven  into  the  porous  strata.  Two  men  using  a  heavy  wood  mauK 
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in  such  cases,  this  is  a  rapid  and  economical  method.  It  is  not  possi- 
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porosity  must  be  estimated  from  the  amount  of  water  yielded  when 
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hand  rig  in  unconsolidated  sands,  unless  the  wells  are  deep.  When 
used  in  conlbination  with  the  hydraulic-jet  method  of  sinking  wells, 
such  a  rig  will  sink  a  pipe  to  a  considerable  depth,  depending  on  the 
material  penetrated,  but  when  the  material  is  coarse  a  point  is  soon 
reached  beyond  which  it  is  impossible  to  drive  any  style  of  small  pipe, 
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The  movement  of  the  ground  water  in  general  is  down  the  slope  of  tfc^^ 
water  table. 

Fig.  21  (p.  42)  is  a  map  of  the  narrows  of  Los  Angeles  River  ^r^ 
Huron  street,  Los  Angeles,  Cal.,  showing  the  extent  and  slope  of  th^^ 
water  table  at  that  locality.  The  broken  contour  lines  show  the  for^^ 
of  the  water  table  in  December,  1902;  the  dotted  contour  lines  tl::^ 
form  in  June,  1903.  The  rise  in  the  water  table  was  due  to  tl^^ 
sinking  flood  waters  of  the  Arro3^o  Seco,  which  enters  Ijos  Angel^^ 
River  a  short  distance  below.  Its  channel  is  usually  a  dry  wash  c== 
sand  and  bowlders,  but  was  in  flood  during  March  and  April,  190^S 
and  the  map  shows  plainly  the  sudden  rise  in  the  ground  water  due  t— * 
the  sinking  of  the  storm  waters. 

A  practical  conclusion  to  be  drawn  from  this  map  is  that  in  orde  ^ 
to  avoid  the  disturbing  influence  of  the  fluctuations  of  a  tributar*i 
stream  the  test  wells  should  be  located  a  considerable  distance  eithe:^ 
above  or  below  the  mouth  of  such  a  stream. 

When  the  slope  of  the  water  table  and  the  approximate  direction  o:f 
the  underflow  have  been  ascertained,  wells  for  testing  the  velocitv" 
should  be  sunk  in  groups  arranged  as  shown  in  figs.  9  and  10  (pp. 
24  and  25).     They  may  be  sunk  by  any  of  several  methods,  depending 
on  the  locality,  depth  to  the  water  table,  coarseness  of  material,  etc. 

HAND    DRIVING. 

For  shallow  wells  in  unconsolidated  material  ordinary  well  points, 
as  shown  in  tigs.  2  and  8  of  PL  1,  ^1,  may  be  used.  These  are  screwed 
on  a  length  of  sbuulard  or  extra  strong  wrought-iron  pipe  and  simply 
driven  into  the  porous  strata.  Two  men  using  a  heavy  wood  maul, 
as  sliown  in  PI.  I,  ^,can  drive  such  wells  to  a  considemble  depth,  and, 
in  su(*h  eases,  this  is  a  rapid  and  economical  method.  It  is  not  possi- 
ble, liowever,  to  collect  samples  of  the  material  penetrated,  and  the 
porosity  must  be  estimated  from  the  amount  of  water  yielded  when 
the  wells  are  pumped.  This  method  was  used  in  the  first  velocity  test 
made  in  Los  Angeles  River,  l)ut  was  abandoned  as  unsatisfactory 
when  deeper  tests  were  attempted. 

A  portable  hand  rig  is  sometimes  used  to  drive  well  points.  Ordi- 
narily two  men  can  drive  as  many  feet  a  day  with  a  maul  as  with  tht* 
hand  rig  in  unconsolidated  sands,  unless  the  wells  are  deep.  When 
used  in  contbination  with  the  hydraulic-jet  method  of  sinking  wells, 
such  a  rig  will  sink  a  pipe  to  a  considerable  depth,  depending  on  the 
material  penetrated,  but  wh(»n  the  material  is  coarse  a  point  is  soon 
reached  beyond  which  it  is  impossible  to  drive  any  style  of  small  pipe, 
as  it  is  telescoped  or  battered  by  the  hammer. 
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should  bo  platted  on  a  map  and  contours,  or  lines  of  equal  elevation,  (m 
the  water  tiiblc  drawn,  and  the  slope  of  the  water  table  determine! 
The  movement  of  the  ground  water  in  general  is  down  the  slope  of  th    - 
water  table. 

Fig.  21  (p.  42)  is  a  map  of  the  narrows  of  Los  Angeles  River  a — 
Huron  street,  Los  Angeles,  Cal.,  showing  the  extent  and  slope  of  th^ 
water  table  at  that  locality.  The  broken  contour  lines  show  the  forn^ 
of  the  water  table  in  December,  1902;  the  dotted  contour  lines  th^ 
form  in  June,  1903.  The  rise  in  the  water  table  was  due  to  tha^ 
sinking  flood  waters  of  the  Arro3'^o  Seco,  which  enters  Los  Angelesrr- 
River  a  short  distance  below.  Its  channel  is  usually  a  dry  wash  of* 
sand  and  bowlders,  but  was  in  flood  during  March  and  April,  1902-- 
and  the  map  shows  plainly  the  sudden  rise  in  the  ground  water  due  tcua 
the  sinking  of  the  storm  waters. 

A  practical  conclusion  to  be  drawn  from  this  map  is  that  in  order — 
to  avoid  the  disturbing  influence  of  the  fluctuations  of  a  tributar}^ 
stream  the  test  wells  should  be  located  a  considerable  distance  either' 
above  or  below  the  mouth  of  such  a  stream. 

When  the  slope  of  the  water  table  and  the  approximate  direction  of 
the  underflow  have  been  ascertained,  wells  for  testing  the  velocity 
should  be  sunk  in  groups  arranged  as  shown  in  figs.  9  and  10  (pp. 
24  and  25).     They  may  be  sunk  by  any  of  several  methods,  depending- 
on  the  locality,  depth  to  the  water  table,  coarseness  of  material,  etc. 

HAND    DRIVING. 

For  shallow  wells  in  unconsolidated  material  ordinary  well  points, 
as  shown  in  tigs.  2  and  3  of  PI.  I,  ^1,  may  1)0  used.  These  are  screwed 
on  a  length  of  sbmdard  or  extra  strong  wrouglit-iron  pipe  and  simply 
driven  into  the  porous  strata.  Two  men  using  a  heavy  wood  maul, 
as  shown  in  PI.  I,  ^,can  drive  such  wells  to  a  considerable  depth,  and, 
in  such  cases,  this  is  a  rapid  and  economical  method.  It  is  not  possi 
ble,  however,  to  collect  samples  of  the  material  penetrated,  and  the 
porosity  must  be  estimated  from  the  amount  of  water  ^^ieldetl  when 
the  wells  are  pumped.  This  method  w^as  used  in  the  first  velocity  test 
made  in  Los  Angeles  River,  but  was  abandoned  as  unsatisfactory 
when  deeper  tests  were  attempted. 

A  portal )le  hand  rig  is  sometimes  used  to  drive  well  points.  Ordi- 
narily two  men  can  drive  as  many  feet  a  day  with  a  maul  as  with  the 
hand  rig  in  unconsolidated  sands,  unless  the  wells  are  deep.  When 
used  in  conlbination  with  the  hydraulic-jet  method  of  sinking  wells, 
such  a  rig  will  sink  a  pipe  to  a  considerable  depth,  depending  on  the 
material  penetrated,  but  w4i(»n  the  material  is  coarse  a  point  is  soon 
reached  beyond  which  it  is  impossible  to  drive  aii}'^  style  of  small  pipe, 
as  it  is  telescoped  or  battered  by  the  hammer. 
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WELL-DRILLING   RIG. 

When  wells  are  to  be  sunk  to  a  considerable  depth,  100  to  150  feet 
for  instance,  in  very  coarse  material,  sorae  kind  of  machinery  is 
necessary.  A  rapid  and  economical  method  is  a  modification  of  the 
hydraulic-jet  process  of  deep-well  drilling  by  combination  with  driv- 
ing. This  method  consists  of  three  distinct  processes — (1)  driving  the 
pipe;  (2)  chopping  up  and  washing  out  the  sand  and  gravel  that 
enters  the  bottom  of  the  pipe  as  it  is  driven  downward;  (3)  turning 
or  rotating  the  pipe  to  keep  the  hole  sti*aight  and  to  reduce  the  f  ric- 
tional  resistance  to  driving.  A  rig  equipped  for  this  work,  with  the 
machinery  assembled,  is  shown  on  PI.  II.  It  consists  of  the  derrick 
for  hoisting  the  heavy  drivepipe,  a  hammer  for  driving  the  pipe,  wash 
rods  and  chopping  bit  for  hydraulicking,  a  pump  for  forcing  water 
down  the  wash  rods  under  pressure,  and  a  rotator  for  turning  the 
pipe.  The  whole  is  driven  b}^  a  gasoline  engine  with  a  hoisting  attach- 
ment. This  machinery  was  designed  to  meet  the  local  conditions  of 
sinking  wells  to  a  depth  of  100  to  150  feet  in  very  coarse  sharp  sand, 
gravel,  and  bowlders.  It  has  proved  economical  and  satisfactory  in 
actual  use  for  several  months. 

MACHINE  DRILLING. 

When  starting  a  well,  a  hole  is  first  dug  to  a  depth  of  4  or  5  feet 
and  a  10-foot  length  of  drivepipe  with  a  shoe  firmly  screwed  on  is 
inserted  vertically,  passing  up  through  the  rotator  (a),  as  shown  on  PI. 
Ill,  A.  It  must  be  pluml^ed  carefully,  for  if  it  is  not  driven  straight 
the  wells  will  not  be  properly  spaced  at  the  bottom,  and  this  will 
introduce  errors  into  the  velocity  measurements.  Al)out  13  to  15 
feet  of  wash  rod,  with  a  chopping  bit  attached,  is  then  inserted  in 
the  drivepipe,  projecting  about  3  feet  above  the  top.  The  drive  head 
(c)  is  then  screwed  on  the  drivepipe  with  the  wash  rods  projecting 
up  through  the  hole  in  the  center.  The  buflFer  block  (e)  and  hammer 
(f)  should  then  be  slipped  over  the  wash  rods  which  serve  as  a  guide 
for  the  hammer,  and  the  water  swivel  (g),  with  the  hose  attached, 
should  be  screwed  to  the  top  of  the  wash  rods.  The  ropes  for  hoist- 
ing and  driving  and  the  sprocket  chain  for  driving  the  rotator,  etc., 
are  attached  as  shown  on  PI.  II,  A^  and  PI.  Ill,  A. 

The  rig  is  operated  as  follows:  Drive  the  pipe  a  few  feet  by  tapping 
lightly  with  the  hammer,  then  start  the  pump  and  force  water  down 
the  wash  rods  and  through  the  chopping  bit.  The  rods  should  \)e 
churned  up  and  down  like  a  churn  drill  until  the  drivepipe  is  clear  of 
ssLud  to  the  bottom  of  the  shoe.  The  chopping  bit  can  be  operated 
with,  or  independent  of,  the  rest  of  the  driving  apparatus  by  a  line 
passing  over  the  middle  sheave  of  the  hoisting  block.  When  the  well 
is  shallow  the  chopping  can  be  done  by  hand,  but  when  deep  it  is 
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nccessary  to  ii.so,  the  winch  or  winding  drum  on  the  engine.    The 
water  swivel  is  niatle  with  a  projecting  liase  larger  than  the  bole 
through  the  hammer  (see  tig.  7).     By  means  of  this  device  it  is  possible 
to  drill  wuth  the  chopping  bit  and  at  the  same  time  drive  the  pip^ 
with  the  hammer.     The  length  of  wash  rods  is  so  adjusted  that  tbc 
water  swivel  is  <>  inches  to  1  foot  above  the  top  of  the  hammer,  when 
it  rests  on  the  drive  head.    As  the  ordinary  stroke  of  the  hammer  is  I 
to  2  feet,  the  wash  rods  will  be  raised  from  6  inches  to  1  foot  at  each 
stroke.     When  the  hammer  is  dropped  the  rods  drop  with  it  until  the 
chopping  bit  strikes  the  sand  in  the  hole,  while  the  hammer  still  falls 
and  almost  instantly  strikes  the  drive  head.    This  is  done  automatically, 
the  only  attention  required  from  the  driller  being  the  gradual  lowering 
of  the  wash  rods  as  the  pipe  is  driven  downward.    The  water  which  is 
forced  out  in  jets  through  the  chopping  bit  washes  the  pulverized  sand 
and  gravel  up  through  the  drivepipe  to  the  surface.     The  drivepipe 
should  l)e  turned  from  three  to  five  times  per  minute  by  an  ordinary 
rotator  such  as  is  used  with  h3"draulic-well  rigs.    The  rotator  should 
be  run  from  the  engine  by  a  sprocket  chain  passing  over  sprocket 
wheels,  as  shown  on  PL  II,  B^  and  PI.  Ill,  A.     When  the  wells  are 
shallow  two  men  with  chain  tongs  can  usually  turn  the  pipe. 

This  method  is  particularly  adapted  to  sinking  wells  in  coarse  sand 
and  bowlders.  The  drivepipe  should  be  double,  extra-strong,  steel 
pipe  to  secure  the  strength  and  stiffness  necessary  to  prevent  bending 
when  forced  through  coarse  materials,  and  its  internal  diameter  should 
l)e  at  least  2i  inches.  It  is  sometimes  very  difficult  to  pull  a  long 
string  of  drivepipe,  especially  to  start  it.  The  only  practicable  way 
is  to  use  jackscrews,  as  shown  on  PL  III,  7:?,  or  use  block  and  tackle 
with  the  engine  at  the  same  time  turning  the  pipe  with  the  rotator. 
Below  is  a  more  detailed  description  of  machinery  used. 

APPARATUS. 
ENGINK. 

In  the  selection  of  an  engine,  consideration  must  ]>e  given  to  the  cost 
of  fuel,  transportation  facilities,  weight  of  machinery,  etc.  When 
fuel  is  expensive  and  water  scarce,  a  gasoline  engine  will  be  found 
economical.  For  ordinary  drilling  when  the  depth  of  the  wells  does 
not  exceed  150  or  200  feet,  a  (5  to  8  horsepower  engine  will  furnish 
the  necessary  power.  A  very  convenient  type  of  engine  is  shown  on 
PL  II,  B,  It  is  a  vertical  gasoline  engine  geared  to  a  hoisting  drum, 
which  is  controlled  b}^  means  of  a  friction  clutcih  and  brakes.  Tiic 
drum  is  used  to  raise  the  hammer  and  wash  rods,  for  hoisting  pipe,  etc. 
From  ten  to  twenty  blows  per  minute  C4in  be  struck  with  the  hammer 
in  driving  pipe.     The  small  winch  on  the  engine  is  used  for  pulling 
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ends  of  each  lonp^th  of  pii^^  in  which  the  flu^h-joint  coupling  shoiAl 
Im»  turned.     A  tajwr  lli road  with  butt  joints^  as  shown  in  fig.  l,ba> 
l)oen  found  .satis fjictorv  and  stands  much  bard  usage.     This  form  of 
thread  bas  tbe  advantage  of  a  firm  bearing  throughout  it^  entire  length 
when  it  is  screwed  up  tight.     The  pi|M^  should  be  finished  in  lengths 
of  exactly   iu  fwt  with  a  few  additional  short 
lengths  of  r>  feet.     A  U  to  2  f<.x)t  length  (b  on 
PI.  Ill,  A.)  shouhl  also  lx»  provided  with  a  U- 
int'h  hoh»  drilled  thmugh  it  about  midway  of 
its  length  to  allow  the  wash  water  and  sand  to 
run  out :  the  drive  bead  should  be  screwed  uii 
the  upper  end  of  this  short         .^     -.«j,  ; 

length.     Such   a   drivepipe         .vi ^^^ ;! 

is  stiff  and  heavy  enough  to  '^ 
stand  ivpeated  blows  fi*om 
the  hammer.     The  fact  that  'cis 
there  are  no  outside  coup- 
lings make  it  far  easier  to  \  ^j 
drive  and  pull  tlmn  the  or-  ; 
dinary  pilH\  | 


SIIOK. 

The  lower  i^id  of  the 
drivepiix>  nmst  1h^  protected 
from  injury  by  a  shoe.  The 
form  shown  in  tig.  !i  has 
])een  found  siitisfactory.  It 
shoidd  be  turned  out  of 
tough  steel,  tin*  outside  di- 
ameter being  a  t  lilh^  greater 
than  the  tmtsidcof  thedrive- 
l^ipe,  and  the  inside  diame- 
ter the  same.  If  it  is  to  l)e  used  with  a  rotator 
the  cutting  edge  should  be  notc-hed  and  well  tem- 
l)ered,  as  it  will  then  cut  its  way  downward 
more  readilv.  'i'he  threads  should  i»e  the  same 
as  on  th4»  drive))ipe.  so  that  it  will  lit  on  any 
length. 

DRIVK    HKA1>. 


T 


8  tJii-eacls  to  l  incli 
6  teeth  1  liu*h  lony 


Bottom  plan 


Fio.  1.  Heavy  <lrivci»ipo. 


Fig.  'J.— Drivo  shot.'. 


The  drive  head,  as  shown  in  tig.  ^>,  shoiiM  be  made  of  steel,  accu- 
rately turned  to  tit  the  drivc^  pipe  on  which  it  is  m  rewed,  and  strong 
enough  to  withstand  long-contiiuicd  driving.  The  wash  rods  pass  u]) 
through  the  hole  in  the  <-(Miter  of  the  head,  >ervinu  as  :i  guide  for  tln' 
hanmier  (see  c*  on  1*1.  Ill,  A).     The  four  holes  drilled  in  the  sich*  are 
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sockets  for  rods  used  in  screwing  on  the  head  or  in  handling  the  pipe. 
A  bail  for  lifting  can  be  sprung  into  these  holes,  if  desirable,  but  an 
eyebolt  passing  through  the  hole  in  the  center  and  loosel}'  fastened  with 
a  nut  and  washer  inside  the  drive  head  will  act  as  a  swivel  and  be  found 
stronger  and  more  convenient  when  pulling  pipe,  hoisting,  etc. 


BUFFER   BLOCK. 


A  wooden  block  should  be  placed  between  the  hammer  and  the  drive 
head  to  prevent  the  destruction  of  both.     A  convenient  form  is  shown 

Section  an  Utib  A-B 
Top  view 


SocMon  an  Une  A-B 


i 


iin«h0» 


Fig.  8.— Drive  head. 


Fig.  4.— Buffer  block. 


in  fig.  4.  It  is  simply  an  oak  or  other  hardwood  block  with  the  grain 
of  the  wood  vertical,  securely  bound  with  an  iron  band.  A  hole  should 
be  bored  through  the  middle  and  the  block  may  then  be  slipped  over 
the  wash  rods  and  rest  on  the  drive  head,  as  shown  at  e  on  PI.  Ill,  A, 


llAMMEU. 


A  hammer  of  the  form  shown  in  titr.  r>  requires  no  guides,  but  slides 
up  and  down  on  the  wash  rods.  It  may  b(»  mado  of  cast  iron  with  pro- 
jecting ears  for  attaching  tlie  hoisting  ropes.     When  it  is  necessary  to 
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Section  on  line  A-3 


add  a  length  of  drive  pipe,  the  hammer  can  be  raised  oflf  the  wash  rods, 
swung  to  one  side,  and  lowered  to  the  ground.  It  is  raised  and  lowered 
independently  of  the  wash  rods  by  means  of  two  ropes,  which  pass  up 

through  the  outside  sheaves  of  the 
hoisting  block  at  the  apex  of  the 
derrick  and  thence  to  the  winding 
drum  of  the  engine,  as  shown  on  PI. 
II,  A,  and  at  f  on  PI.  HI,  A. 


WASH   RODS. 

The  wash  rods  should  be  made  of 
what  is  known  as  double-extra-strong 
1-inch  pipe,  the  diameter  being  1.315 
inches  outside  and  0.587  inch  inside, 
the  thickness  of  the  s^stkamaA-B 
shell  0.364  inch,  and 
the  weight  3.65  pounds 
per  linear  foot.  The 
rods  should  have  rings 
of  Norway  iron  on  each 
end  and  the  same  style 
of  taper  thread  as  the  ^ 
large  drive  pipe  shown 
in  tig.  1.  When  fin- 
i.shed,  the  rods  should 
he  exactly  10  feet  in 
length,  but  several  5- 
foot  and  2- foot  pieces 
should  also  be  on  hand. 
If  deep  wells  are  to  be 
This  will 


U^ 

Section  on  ILne  O-D 
Pio.  5.— Hammer. 

drilled,  heavier  wash  rods  will  be  necessary 

require  larger  holes  than  those  tigured  in  the  drive  head, 

butler  block,  and  hammer. 

CHOPPING   BIT. 

The  chopping  bit  should  be  made  of  best  tool  steel.  A 
drawing  of  the  bit  in  use  is  shown  in  tig.  6.  It  should  be 
securely  welded  to  a  5-foot  length  of  wash  rod  instead  of 
being  screwed  to  it,  otherwise  when  drilling  in  coarse 
material  or  bowlders  it  will  probably  be  broken  oflF  and 
lost  in  the  well.  The  cut  shows  the  bit  welded  to  a  length 
of  double-extra-strong  H-incli  pipe,  commercial  size. 

The  edges  of  the  star  ])it  should  not  be  drawn  down  too  thin,  and 
must  be  well  tempered  to  withstand  hard  usage,  for  when  drilling 


IwvaM  ad^M  of 
ebopph^  bit. 

Fig.  6.— Chopping 
bit. 
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the  impact  of  the  heavy  string  of  wiusli  hkIs,  when  dropped  several 
feet,  mu8t  ]m5  ^30^nc  by  the  chopping  J)it.  The  holes  through  tlie 
bit  should  be  of  ample  size  to  deliver  enough  water  to  raise  the  pul- 
verized sand  and  gravel  to  the  surface  and 
still  must  be  small  enough  to  give  the 
iiisuing  jet  a  high  velocity. 

WATER  SWIVEL. 

A  swivel  connection  between  the  hose 
and  the  wash  rods  is  necessary  to  permit 
turning  the  chopping  bit,  making  connec- 
tions, etc.  The  form  shown  in  tig.  7 
has  been  found  convenient.  It  should  be 
strong  and  well  made,  as  the  hammer 
engages  with  the  lower  part  of  the  swivel 
in  raising  the  wash  rod.  As  sand  and 
gravel  in  the  drive  pipe  sometimes  pack 
around  the  drill  and  rods,  the  pull  on 
the  swivel  may  be  considerable,  perhaps 
enough  to  stop  the  engine,  in  which  case 
the  wash  rods  must  be  jarred  loose  by 
upward  blows  with  the  hammer. 

DERRICK. 

The  derrick  may  be  made  of  three  tim- 
bers, about  4  by  6  inches,  and  30  to  36 
feet  long,  as  shown  in  PL  II,  A.  Holes 
are  bored  through  the  top  and  the  timbers 
loosely  connected  by  a  1-inch  holt,  from 
which  is  ^suspended  a  long  clevis,  to  which 
the  hoisting  blocks  are  atta^'hed.  Such  a 
tripod  can  be  quickly  raised,  lowered,  or 
adjusted  over  a  well.  Slats  nailed  on  the 
timbers  serve  as  a  ladder  for  reaching 
the  top. 

BLOCKS. 

The  lines  from  tlie  hammer  should  ])e 
run  up  over  the  oub:»ide  sheaves  of  a  triple  block,  and  then  to  the 
winding  drum  of  the  engine,  as  shown  in  PL  II,  ^1.  The  line  from 
the  wash  rods  is  run  over  the  center  sheave  and  then  fastened  to 
a  cleat  on  one  leg  of  the  tripod.  By  this  Mrmngement  the  rods  can 
be  easily  raised  or  lowered   l)y  hand,  or   suspended  at  an}'  height. 
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A  double  block  should  l)e  provided  for  use  with  the  triple  block  in 
pulliug  the  drive  pil>e,  moving  the  engine,  etc. 

WELL   POINTS. 

When  wells  are  shallow  and  the  material  to  be  penetrated  is  soil  oi 
unconsolidated  sand,  it  is  economical  to  drive  ordinary  li  or  2  inri 
points.  These  are  usually  in  4-foot  lengths  and  are  made  by  perfo 
rating  standard  or  extra-strong  wrought-iron  pipe  with  seven  rows  o: 
oblong  holes  three-eighths  by  one-half  inch.  Around  the  outside  o 
the  perforated  pipe  is  wrapped  a  fine  brass  screen  of  No.  36  wire  witl 
about  2,500  meshes  per  square  inch;  over  the  gauze  is  wrapped  a  per 
forated  brass  screen  with  28  one-eighth  inch  holes  per  square  inch,  th( 
whole  being  securely  soldered  to  the  perforated  pipe  along  the  vertica 
seam.  The  gauze  strains  out  the  fine  sand  and  silt,  but  allows  the 
water  to  enter  the  well,  and  the  brass  screen  is  put  on  to  protect  th( 
gauze.  Fig.  1  of  PI.  I,  yl,  shows  such  a  well  point  with  the  screen  anc 
gauze  partly  removed.  This  style  of  point  serves  for  both  a  well  anc 
for  part  of  the  testing  apparatus  as  described  on  page  26. 

When  the  material  is  compact,  or  contains  cobblestones  or  bowlders 
these  well  points  fail,  either  by  bending,  by  breaking,  or  by  stripping 
off  the  outside  screen  and  gauze.  If  the  material  contains  stone: 
large  enough  to  deflect  the  pipe,  it  will  bend  and  either  break  in  driv 
ing  or  in  pulling;  in  fact,  it  is  almost  impossible  to  pull  a  crookec 
pipe,  as  it  will  break  at  one  of  the  couplings.  When  the  material  i? 
compact  and  coarse  the  frictional  resistance  on  the  screen  will  ofter 
strip  it  entirely  off  of  the  pipe,  leaving  it  as  shown  in  figs.  1  or  3  o1 
PI.  I,  A.  To  overcome  these  difficulties  the  experiment  of  placing  s 
fine  screen  on  the  inside  of  the  perforated  drive  pipe  was  tried  am 
found  quite  satisfactory.  Perforated  sheet  bitiss,  known  to  the  trad( 
as  No.  26  gage,  No.  1,  with  400  holes,  about  0.02-inch  in  diameter  pei 
square  inch,  should  be  rolled  into  a  tube  slightly  smaller  than  th< 
inside  diameter  of  the  perforated  pipe  (fig.  5  of  PI.  I,  A)^  securely  sol 
dered  along  the  vertical  seam  and  shoved  inside  the  i^erfomted  pipe 
where  it  is  held  in  place  by  the  couplings  above  and  below.  It  is  largel) 
protected  from  injury  and  can  be  withdrawn  and  cleaned  if  necessary 
Such  a  well  point  is  shown  in  fig.  4  of  PI.  I,  A,  The  only  objectioi 
to  this  style  of  point  is  that  the  holes  in  the  outside  tend  to  fill  witl 
sand  and  clay  when  the  pipe  is  pulled. 

JACKSCREWS. 

The  jackscrews  for  pulling  pipe  should  1)0  strong,  of  at  least  3t 
tons  capacity  each.  A  clamp  of  heavy  flat  iron,  a  pulling  ring,  anc 
steel  wedges  or  dogs  with  notched  edges  should  be  i)rovided  for  hold 
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trode  in  the  bottom  of  the  well.  The  electrodes  are  insulat< 
the  well  casing  by  means  of  wooden  blocks  (see  fig.  8),  which 
be  boiled  in  pamfiin  to  make  them  impervious  to  water.     Tl 

trodes   will    need    f 

Top  insulator  ,    , .  ,, 

I  j  plating,  as  the  actioi 

electric  current  and 
sal  ammoniac  quid 
rodes  the  nickel  coat 

SWITCH  CLOCK 

A  switch  clock  f  oui 
factory  in  actual  use  i 
in  PI.  V.  It  is  an  o 
eight-day  clock  with 
cal  devices  added.  1 
ute  hand  of  the  clock 
a  steel  spring,  tipp 
platinum,  which,  atfi 
ute  intervals,  is  brou] 
contact  with  platinun 
each  of  which  is  co 
with  a  separate  insula 
passing  down  throii 
clock  case  and  thenc 
proper  binding  post 
contact  closes  a  c 
through  one  of  the  to? 
The  platinum  strips 
in  slits  cut  in  lugs 
rubber.  The  strips,  i 
jeetion  of  which  bey< 
edge  of  the  lug  is  adj 
are  held  in  place  bv 
which  pass  through 
slots.  The  hard-rubl 
are  pennaiu^ntly  fast 
th(^  clock  dial  by  scre^ 
the  l)ack.  They  are 
at  each  hour  on  the  d 
tive-ininute  intervals! 
ured  by  the  minute  1 
In  operating,  the  spring  on  the  minute  hand  is  carricul  over  tl 
rubber  lug,  which  is  so  placed  that  the  spring  is  slightly  niised. 
the  tip  of  the  spring  reaches  the  sharp  edge  of  the  lug  it  s 
snaps  down  on  the  platinum  strip  and  at  once  closes  the  circui 


Bottom  insulator 
Fig.  8.-Elei'trodes. 
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>ulled  across  the  platmum  strip  by  the  motion  of  the  hand  and  when 
t  reaches  the  edge  snaps  away  from  the  strip,  suddenly  opening  the 
•ircuit.  The  time  the  circuit  is  closed  can  be  regulated  by  adjusting 
he  width  of  the  strip.  Five  to  ten  seconds  is  about  the  proper  inter- 
-al.  It  is  important  that  the  circuit  be  opened  and  closed  suddenly, 
)therwise  the  recording  pen,  full  of  ink,  may  move  back  and  forth  on 
he  chart  several  times  and  probably  obliterate  the  record. 

The  current  from  the  positive  pole  of  the  battery  enters  the  clock 
it  one  of  the  binding  posts,  B^  C^  i?,  E^  etc.,  and  passes  through  the 
nsulated  wire  to  the  minute  hand,  thence  to  the  clock  frame  and  out 
o  the  binding  post  marked  A,  By  the  movement  of  the  minute  hand 
.he  circuits  to  the  various  wells  are  progressively  closed.  The  twelve 
switches  on  the  dial  permit  of  thirty  hourly  records  with  four  lower 
rtrells  and  a  thirty-minute  interval  between  records,  as  shown  on  Pis. 
V^,  A^  and  VI,  B^  or  of  records  at  intervals  of  twenty  minutes  with 
:hree  lower  wells  and  a  ten-minute  interval  between  records.  It  is 
ilso  evident  that  in  the  first  case  two  groups  of  wells,  or  in  the  second 
?ase  three  groups  of  wells,  can  be  tested  hourly  at  the  same  time, 
sdth  a  ten-minute  interval  between  tests. 

RECORDING   AMPERE   METER. 

The  recording  ampere  meter  (PI.  VII,  ^1)  was  made  by  the  Bristol 
Company  from  designs  furnished  by  Prof.  Charles  S.  Slichter.  The 
instrument  keeps  a  continuous  record  for  twenty-four  hours,  after  which 
the  chart  must  be  changed.  The  chart  is  moved  at  a  uniform  rate  by 
L-  »ckwork.  The  recording  pen  is  actuated  by  the  electric  current 
sojt  through  the  wells  at  fixed  int^Mvals  })y  the  switch  clock.  The 
t»lectric  apparatus  is  very  simple,  consisting  of  a  stationary  solenoid 
through  which  the  current  passes.  A  thin  disk  of  soft  iron  is  attached 
to  a  nonmagnetic  shaft  which  passes  through  the  solenoid  and  is  sup- 
ported at  its  opposite  ends  by  steel  knife-edge  springs.  The  record- 
ing pen  is  secured  directly  to  the  steel  springs  and  partakes  of  its 
ai-  ular  motion  as  the  disk  is  attracted  })y  the  solenoid.  The  result  is 
a  record  such  as  shown  on  PI.  VI,  A  and  B, 

If  an  ordinary  ampere  meter  is  used  the  switching  must  be  done 
b}  hand,  as  described  on  page  27. 

BATTERY. 

The  electric  battery  should  he  of  ample  capacity.  Dry  cells  known 
a8  large-size  ( -olumbia,  ?»\  inches  in  diameter  and  8  inches  high,  have 
lx»en  found  satisfactory.  'I'lio  plan  and  wiring  of  the  })attery  for  use 
with  a  recording  ampere  meter  only  are  shown  in  tig.  9,  and  for  use 
with  either  a  recording  or  ordinary  ampere  meter  are  shown  in  fig.  10, 

IBB  112—05 i 
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The  ^Mttery  i-onsists  of  12  large-sized  dry  cells  connected  in  seU  • 
two  in  parallel.  Thesi'  (Mirallel  sets  are  connected  up  in  series,  and  1 
means  of  the  double-throw  switches  the  electromotive  force  of  tl 
tiattery  can  be  varied  from  1.5  to  9  volts,  assuming  the  electromoti 
force  of  each  cell  to  be  H  volts  when  new.  One,  two,  three,  or  mo 
sets  of  two  cells  connected  in  parallel  can  be  used  in  one  series,  as  t 
case  rci[uires,  or  if  necessary  either  side  of  the  battery  can  be  cut  o 
by  the  opening  of  one  of  the  single-throw  switches  marked  *'*'  A,  A 
An  ordinary  ampere  meter  should,  for  convenience,  be  placed  in  t 
battery  box.  Fig.  10  shows  sueh  a  batterj*  connected  up  to  a  gro 
of  four  wells  and  arranged  for  use  with  an  ordinary  ampere  meU 
The  switches  are  set  for  measuring  the  current  from  casing  of  wi'U 
to  the  electrode  of  well  U«  with  two  sets  of  cells  in  series. 


f. 
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Fh;.  \K  Plan  of  test  wells  and  aprtanitus. 


METHOD  OF  MEASURING  THE  VELOCITY  OF  UNDERFLOW. 

An  outline  of  the  method  inventt»d  by  Prof.  Charles  S.  Slichter  1 
been  described  on  page  11.  The  following  is  a  description  more 
detail  of  the  writer's  experience  during  several  months'  work  at  L 
Angeles,  Cal.  An  attempt  has  l>ccn  made  to  describe  the  difficult 
encountered  and  the  methods  developed  during  the  progress  of  t 
work. 

PUMriNn. 

After  all  the  test  wells  have  been  sunk,  as  descrilMxl  on  page  11, 
is  necessary  before  beginning  a  test  t^)  take  a  small  sand  pump  a 
thoroughly  clean  the  inside  of  the  well  points  from  sand  and  silt,  a 
then  pump  water  from  each  well  until  it  clears.  A  small  hand  pur 
which  can  l)e  readily  moved  from  well  to  well  is  convenient  for  tl 
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purpo8*e.  Pumping  is  often  a  tedioas  job,  as  the  screens  become 
clogged  with  silt  and  mud.  In  such  cases  a  few  buckets  of  clear 
water  poured  down  the  well  will  often  open  up  the  screen.  Another 
way  is  to  occasionally  break  the  vacruuni  in  the  pump  and  let  the  water 
in  the  pipe  fall  })ack  suddenly.  When  these  methods  fail,  success  may 
lx»  attained  by  rotating  the  pipe  with  a  pair  of  tongs  and  at  the  same 
time  pouring  clear  water  down  the  well. 

If  some  of  the  wells  pump  freely  and  the  rest  will  not  start,  it  is 
almost  certain  that  the  screens  are  clogged,  and  if  all  else  fails  they 
may  be  allowed  to  stand  a  day  or  two.  If  none  of  the  wells  can  be 
started,  or  after  starting 
continue  to  pump  fine 
sand  and  mud,  the  test 
may  as  well  l>e  aban- 
doned, for  in  such  cases 
the  velocity  will  be  too 
low  to  measure  by  this 
method.  Testing  should 
not  be  begun  for  a  few 
hours  after  pumping,  in 
order  to  allow  the  water 
plane  to  rise  to  its  normal 
level. 

WIRING. 


■iNc  m<«*nn>n 


^  ^^SLtl !  lif !  ill(  sill  i  !jliEliSl 
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P'lo.  10.  Plan  of  test  wells  and  apparatus. 


The  next  step  is  to 
wire  the  wells.  There 
are  several  ways  in  which 
this  may  l>c  done,  de- 
pending on  the  kind  of 
electrical  instruments 
used.  If  a  recording 
ampere  meter  is  used, 
the  wiring  should  be  as 
shown  in  fig.  9.  A  wire 
is  run  from  the  positive  pole  of  the  battery  to  the  casings  of  lower 
wells  B,  C,  D,  E,  etc.,  all  of  which  may  be  connected  by  soldering 
the  wire  to  the  galvanized  casing  of  each,  thus  insuring  good  con- 
nections. A  wire  is  connected  to  the  electrode  for  each  well  and 
run  to  the  proper  binding  post  on  the  switch  clock;  the  electrodes 
should  then  l)e  lowered  to  the  l)ottoms.  From  the  positive  binding 
post  of  the  switch  clock  a  wire  is  run  to  tlie  recording  ampere  meter, 
and  from  the  ampere  meter  to  the  negative  pole  of  the  battery. 
An  ordinarv  ampere  meter  (in  the  battery  box)  is  put  in  the  circuit  to 
L'heck  the  record  of  the  recording  instrument. 
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'rh(>  current  recorded  is  tliat  which  passes  through  the  water 
iM'tween  tht;  eiisiii^of  the  wells  aud  the  electrode  at  the  bottom  of  the 
well. 

The  «-oiist  ruction  of  the  clock,  recording  ampere  meter,  battery,  etc.. 
iis  described  on  pjijjes  ^1  to  24. 

If  :in  ordinary  ampere  metier  is  used  the  wiring  will  be  quite  differ- 
ent, as  all  switching  must  Im  done  by  hand.     A  battery  arranged  for 
such  a  testint;  and  the  wiring  of  a  group  of  wells  is  shown  in  fi^.  10. 
A  wire  should  he  run  from  the  proper  binding  posts,  marked  A,  B,C. 
D,  and  K,  of  the  battery  to  the  casing  of  the  corresponding  wells,  and 
another  from  the  binding  posts,  marked  B',  C,  D',  E',  of  the  battery 
to  the  (»lectrodes  of  the  corresponding  wells.   The  battery  is  so  wired 
that  when  the  switches  A  and  B  are  closed,  the  ampere  meter  indicat^'^ 
the  amount  of  current  flowing  through  the  ground  from  the  casing  ^^^ 
well  B  to  the  casing  of  well  A.     When  the  switches  B  and  B'  (tig.  1*^^ 
arc  closed,  the  anii^ere  mct<*r  indicates  the  amount  of  current  flo"^^'' 
ing  through  the  wat<»r  from  the  (^asing  of  well  B  to  the  electrode  ^^ 
well  B.     Aft<^r  all  the  wiring  is  done,  the  correctness  of  the  varioa-^" 
connections  should  be  tested.     If  the  circuit  through  one  of  the  wel  -^" 
is  I'losed    and    the  electrode  lifted   out  of    the  well,   the  ampcrt=^ 
meter  needle  should  fall  back  to  zero,  for  raising  the  electrode  oi^^ 
of  the  well  opiMis  the  <Mrcuit.     On  the  other  hand,  if  the  casing  of  th 
well  is  tou<'he(l  with  the  electn>de,  a  strong  deflection  of  the  needl-^ 
should  be  noted.     By  these  tests  an  error  in  wiring  may  be  detected  — 

CIlAUCiINC;  WELL  A. 

After  mII  the  connections  have  been  made  and  tested,  a  new  char^^ 
should  Im'  placed  in  the  recording  ampere  meter,  and  the  apparatu:^?e!== 
allowed  to  run  for  an  hour  or  so,  to  get  a  record  of  the  wells  beforc«!^^ 
well  A  is  cliar<xc<l. 

Various  methods  of  charging  wells  have  JH^eii  tried,  and  the  follow- 
ing has  linally  been  adoptixl.  Th(^  (electrolyte  used  is  sal  ammoniac 
(NHtCI).  This  should  lie  placcnl  in  a  small  wooden  or  paper  tub  (it 
rust*^  iron  (juickly)  and  (Miough  water  poured  on  to  cover  it.  A  bucket 
of  perfonited  sheet  bniss,  similar  to  that  usi^.d  for  the  inside  screen  of 
the  well  points,  about  4  feet  long  and  small  enough  to  re^adily  slip 
down  the  inside  of  th(»  well  pipes,  should  be  provided.  This  should  be 
placed  in  the  tub  of  wet  sal  ammoniac  and  tilled  with  water  and  the  salt 
))V  means  of  a  funnel  and  dipj)er.  The  water  will  drain  away  into  the 
tub  and  h»ave  the  wet  sal  anmionia  HUing  the  bucket,  which  should  at 
once  be  lowered  to  the  bottom  of  the  well. 

It  is  dilKcult  to  get  a  bucket  of  dry  sal  anmioniacdown  a  deep  well 
on  account  of  the  conlaincMl  air.  In  addition,  the  escaping  air  causes 
the  formation  on  the  water  of  a  sticky  foam,  which  is  carried  down  by 
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the  next  bucket  and  clogs  the  screen.  The  experiment  of  pouring  a 
hot  saturated  solution  of  sal  ammoniac  down  the  well  pipe  was  tried, 
but  was  condenmed.  It  will  either  crystallize  out  when  the  water  cools 
and  leave  the  pipe  filled  solidly  with  the  salt,  or,  if  the  strata  be  per- 
vious, will  be  forced  through  to  the  lower  wells  almost  immediately. 
In  any  case,  undissolved  sal  ammoniac  should  not  be  poured  down  a 
well,  as  it  is  almost  impossible  to  clean  it  out  for  the  next  test. 

The  following  rule  is  now  observed  in  charging  wells:  Put  down 
one  bucket  of  wet  sal  ammoniac  every  fifteen  minutes  for  two  hours, 
then  one  bucket  an  hour  for  six  hours.  Of  course,  if  at  any  time  the 
electrical  instruments  show  that  the  sal  ammoniac  has  reached  the 
lower  wells,  charging  should  be  stopped  at  once. 

DETERMINATION   OF  VELOCITY  OF   UNDERFLOW. 

When  recording  instruments  are  used,  it  is  only  necessary  to  exam- 
ine them  oc<?asionally  to  ascertain  when  the  sjil  ammoniac  reaches  the 
lower  wells.  Its  arrival  is  indicated  by  an  increased  deflection  of  the 
recording  pen,  as  shown  by  the  chart  in  PI.  VI,  ^1.  When  the  velocity 
is  ^reat  the  deflection  is  sudden,  l)ut  when  it  is  low  the  incTcase  is  not 
so  marked.  When  there  is  no  underflow  the  deflection  of  the  pen 
remains  the  same  throughout  the  test,  as  shown  in  PI.  VI,  B. 

When  an  ordinary  ampere  meter  is  used,  the  circuits  to  the  various 

wells  must  l)e  closed  by  hand  at  frequent  intervals,  varying  from  ten 

minutes  to  two  hours,  depending  on  the  velocity  of  underflow.     When 

it  is  probable  that  the  velocity  is  great,  readings  must  be  made  often; 

but  if  no  flow  is  detected  for  two  or  three  hours,  the  time  between 

observations  may  be  longer.    The  ampere  meter  must  be  read  and  the 

time  and  readings  recorded  in  a  notebook.     From  the  notes  an  ampere 

curve  should  be  platted  (tig.  11),  from  which  an  estimate  of  the  velocity 

of  flow  can  be  made.     The  sudden  rise  in  the  curve  indicates  the 

arrival  of  the  sal  ammoniac  at  the  lower  well.     This  rise  is  primarily 

due  to  the  fact  that  the  solution  of  water  and  sal  ammoniac  is  a  better 

conductor  of  electricity  than  is  water  alone,  and  when  this  solution 

flows  into  and  mingles  with  the  pure  water  in  the  well,  the  rise  in  the 

current,  due  to  lessened  resistance,  can  at  once  be  noted. 

The  time  of  passage  of  the  solution  from  well  A  to  one  of  the  lower 
wells  is  usually  calculated  from  the  hour  when  charging  was  begun  to 
the  hour  when  the  rising  ampere  curve  reverses,  or,  in  other  words, 
at  the  point  of  the  maxinuun  rate  of  increase  in  the  ampere  curve. 
This  method  corrects  for  the  diffusion  or  spread  of  the  sal  ammoniac 
in  the  water  and  for  the  error  due  to  the  fact  that  the  water  in  the 
upper  well  can  not  be  charged  quickly. 

The  distance  between  the  wells  being  known  and  the  time  of  passage 
of  the  solution  having  been  noted,  it  is  a  simple  matter  to  compute  the 
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velocity  or  mto  of  flow.  This  may  Iw  expressed  in  any  unit  of  meas- 
ure desired.  In  this  report  the  rate  of  fliow  is  expressed  in  feet 
per  day. 

When  wells  have  been  sunk  with  the  heavy  drivepipe,  as  described 
on  page  21,  and  the  well  screens  inserted,  the  first  test  will  evidently 
l>e  at  bed  rock,  or  at  the  bottom  of  the  hole.     After  the  completion  of 
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Fio.  11.— Ampere  cuiTe«. 

the  first  test,  the  pipe  may  be  pulled  up  the  length  of  th(^  screens  and 
another  test  made.  Tliis  pulling  up  and  testing  may  be  continued  to 
the  level  of  the  water  table  if  desirable. 

When  well  points  are  driven  by  hand,  it  is  best  to  drive  into  the 
first  stratum  below  the  water  table,  test  it,  and  then  drive  deeper,  con- 
tinuing the  process  as  far  as  necessary. 
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COMPUTATIONH  OF  BI8CHARGB. 

In  a  given  section  wide  differences  in  the  velocity  of  undei*flow  are 
to  be  expected,  due  to  the  various  factors  on  which  flow  depends,  such 
as  slope  of  the  water  table,  porosity,  relative  size  of  the  sand  grains, 
temperature,  etc.  It  is  evident  that  if  the  actual  percentage  of  the 
open  s|)ace8  or  voids  between  the  particles  of  sand  and  gravel  of  each 
square  foot  of  a  measured  section  was  known,  and  the  average  velocity 
at  which  water  flows  through  the  ground  had  been  measured,  it  would 
be  possible  to  compute  the  amount  of  water  passing  a  given  line  dur- 
ing a  fixed  interval  of  time;  moreover,  no  further  data  would  be 
necessary. 

The  difficulties  met  with  when  an  attempt  is  made  to  compute  the 
discharge  from  a  section  should  be  clearly  set  forth. 

Natural  sands,  as  dug  from  pits  or  the  bed  of  a  stream,  consist  of 
grains  of  different  sizes  and  shapes.  Such  sand  weighs  more  per  unit 
of  volume,  as  per  cubic  foot,  than  any  of  the  various  grades  of  sand 
sifted  from  the  same  bed  and  having  grains  of  nearly  uniform  size. 
This  proves  that  the  natural  sands  contain  a  less  percentage  of  voids, 
or,  in  other  words,  the  porosity  is  less,  than  that  of  the  sorted  sands. 

Experiments  made  by  Prof.  F.  H.  King^  show  that  the  porosity  of 
iinsorted  sands  from  the  Tujunga  washes  ih  San  Fernando  Valley,  Los 
Angeles  Count}-  (see  fig.  12),  varies  from  31.42  to  42.28  per  cent. 
The  effective  diameter  of  the  sand  grains  was  ascertained  to  range 
t>etween  0.05542  and  0.4289  millimeters.     The  same  writer  says: 

It  appears  to  be  generally  true  that  well-rounde<l  grains  of  nearly  uniform  diameter 
tend  to  give  a  pore  spaite  which  lies  between  32  and  40  per  cent.  The  mean  theo- 
retical p>ore  space  for  spherical  grains  of  a  single  nize  is  36.795  per  cent,  and  this  is 
very  close  to  the  mean  observed  limit  for  the  more  simple  sands  of  rounded  grains. 

A  sample  of  coarse  sand  from  Arkansas  River  Valley  was  tested  by 
G.  W.  Stose  in  the  following  manner: 

After  being  thoroughly  dried  it  was  saturated  with  water,  and  the  quantity  of 
water  received  was  determined  by  weighing.  The  vessel  containing  it  was  then 
pimctured  at  the  lx)ttom,  so  as  to  permit  the  water  to  drain  away,  and  after  a  lapse  of 
several  days  the  loss  of  water  was  determined  by  another  weighing.  It  was  then 
found  that  the  sand  had  re<^eived  29  per  cent  of  its  volume  of  water,  but  afterwards 
parted  with  only  one-third  of  the  water  received,  equivalent  to  10  per  cent  of  the 
whole  volume  of  sand.  ^ 

Both  of  these  samples  had  been  removed  from  the  original  beds. 
The  experiments  show  the  probable  range  of  porosity  in  clean  sand 
of  moderately  uniform  size. 

Prof.  Charles  S.  Slichter  states  that  '^the  porosit}^  of  quartz  sand 
will  usually  vary  between  30  and  40  per  cent,  and  that  of  clay  loams 

a  King,  F.  H.,  Nmeleciith  Ann.  Kept,  U.  S.  Geol.  Survey,  pt.  2, 1899,  p.  212. 
6 Gilbert,  G.  K.,  Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2, 1896,  p.  600. 
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between  4(.)  and  50  per  cent,  depending  upon  the  variety  of  sizes  in 
the  mixture  and  the  manner  of  packing  the  particles.''^ 

Very  little  is  known  regarding  the  porosity  of  naturally  depositeil 
and  undisturbed  beds  composed  of  coarse  gravels,  coarse  and  fine  sand, 
and  silt.  Theory  indicates  that  such  beds,  having  been  deposited  by 
the  action  of  running  water,  or  bj"  the  waves  and  currents  of  the 
ocean,  are  far  less  porous  than  sands  of  uniform  size,  the  sorting 
action  of  the  water  tending  to  pack  the  material  as  closely  as  possible. 

It  is  usual  to  assume  that  the  porosity  of  sand  is  about  33  per  cent, 
and  if  the  grains  are  ix)unded,  of  nearly  uniform  size,  and  free  from 
silt,  the  assumption  is,  without  doubt,  about  correct. 

The  actual  ix)rosity  in  each  case  must  be  known  l)efore  any  reliable 
computation  of  discharge  can  l>e  made.  Concerning  this  factor,  Pro- 
fessor Slicht^r  says: 

]f  two  namplen  of  tho  Baine  sand  are  packed,  one  sample  so  that  its  poroHity  in  26 
l>er  tH?nt  and  the  other  sample  so  that  its  porosity  is  47  per  cent,  the  flow  through 
t)ie  latter  sample  will  l)e  mon^  than  seven  times  the  flow  through  the  former  sample. 
If  the  two  samples  of  the  same  sand  had  been  packed  so  that  their  poroeities  had 
l>een  80  and  40  i>er  cent,  respectively,  the  flow  through  the  latter  sample  would  have 
1)een  2.6  times  the  flow  through  the  fonuer  sample.  These  facts  should  make  clear 
the  enormous  influence  of  porosity  on  flow,  and  the  inade(]uacy  of  a  formula  of 
flow  which  does  not  take  it  into  account,  f* 

Evidently  beds  which  consist  of  a  mixture  of  bowlders,  cobblestones, 
fine  sand,  and  silt  will  have  a  less  percentage  of  voids  than  graded 
sand.  No  flow  can  occur  throujjfh  l)owlders  or  cobl)lostones,  and  if 
they  make  up  50  per  cent  of  the  volume,  and  the  intervening  spaces 
are  filled  with  sand  and  silt  of  graded  sizes,  there  is  certainly  far  less 
than  33  per  cent  of  voids  in  the  mass.  How  much  less  must  be 
determined  by  experiment. 

It  is  exceedingly^  diflScult  in  underflow  tests  to  come  to  any  satisfac- 
tory conclusion  regarding  the  porosity  of  the  various  beds.  This  is 
due  to  the  almost  insurmountable  difticulties  in  collecting  representa- 
tive samples  of  the  material  penetrated.  If  the  testing  is  done  with 
a  small-size  drive  pipe,  2  to  4  inches,  all  the  coarse  material  must  be 
excluded,  because  it  is  impossible  to  get  it  into  the  pipe  or  to  the  sur- 
face. When  the  mat<3rial  is  very  coarse,  it  is  obviously  necessary  to 
dig  a  well  or  shaft,  or  put  down  a  large  bore  well,  V2  inches  or  more 
in  diameter.     Both  methods  have  decided  limitations. 

It  is  impracticable,  by  any  reasonable  expenditure  of  money,  to  dig 
a  well  much  below  the  level  of  the  water  table.  If  a  large-bore  well 
is  sunk,  material  below  the  water  table  must  be  brought  to  the  surface 
in  a  sand  bucket.  The  continual  churning  of  the  sand  bucket  under 
water  washes  the  tine  silt  and  mud  out  of  the  sand  and  mixes  it  with 


«Slichtor.  Charles  S.,  The  motlona  of  ground  water:  Water-Sup.  ami  Irr.  Pujxt  No.  (i7,  l".  S.  Geol. 
Survey,  1902,  p.  17. 
bSllehter,  Charles  S.,  NineteenUi  Annual  Report  U.  8.  Oeol.  Survey,  pt.  2, 1899,  p.  328. 
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the  water  in  the  well.  This  mixture  of  mud  and  water  is  partly  bailed 
out  with  each  bucket  partly  filled  with  sand.  How  much  silt  is 
washed  out  by  the  water  at  any  particular  point  is,  of  course,  impos- 
sible to  say,  but  if  one  will  catch  the  muddy  water  from  the  sand 
bucket  and  let  it  settle  he  will  be  convinced  that  it  is  usually  no  small 
amount.  No  one  can  tell  exactly  at  what  depth  or  how  much  of  the 
sand  contains  silt.  It  is  entirely  possible  that  a  bed  of  clay  or  silt « 
foot  or  more  thick  may  be  entirely  mixed  with  the  water  in  the  wel 
and  no  evidence  of  its  presence  be  shown  unless  the  driller  notes 
that  the  water  is  more  muddy  than  usual. 

The  writer  has  seen  samples  of  sand  taken  from  wells,  carefull} 
washed,  cleaned  from  all  silt,  clay,  etc.,  and  then  bottled  up  and  exhib 
ited  as  water  sand.  Any  estimate  of  discharge  based  on  such  sample.* 
is  utterly  misleading. 

Samples  are  often  collected  by  caU^hing  the  sand,  etc.,  brought  uj 
by  a  hydraulic  rig.  Of  course  those  samples  are  thoroughly  washed 
In  porous  gravel  the  wash  water  used  in  hydmulicking  continually 
tends  to  flow  away  from  the  well,  being  under  great  pressure.  Thai 
it  carries  the  tine  material  near  the  hole  away  with  it  is  proved  by  th< 
fact  that  the  sinking  of  the  wash  water  when  drilling  in  gravel  car 
often  be  prevented  by  pouring  clay  down  the  well,  which  soon  fills  th( 
voids  in  the  surrounding  gravel. 

The  hydraulic  and  drive-pipe  method  of  sinking  test  wells  has  om 
great  advantage  over  the  sand  bucket,  in  that  the  presence  of  a  bed  o1 
clay  or  silt  is  shown  at  once  by  the  muddy  water  which  rises  to  th< 
surface  through  the  drive  pipe.  The  depth  at  which  such  beds  occui 
can  by  this  means  be  ascertained. 

Another  uncertain  factor  is  the  unknown  horizontal  extent  of  th< 
pervious  beds.  It  can  only  be  assumed  that  they  extend  from  statior 
to  station,  and  in  regions  where  the  pervious  beds  have  been  depositee 
by  torrential  streams  this  assumption  may  lead  to  error,  such  grave 
beds  often  being  in  the  form  of  long  trains  of  coarse  material,  th< 
buried  channel  of  the  stream,  and  not  in  a  wide  extended  sheet  ai 
supposed  by  many.  To  correct  for  this  uncertainty,  it  is  obviously 
necessary  to  sink  test  wells  at  close  intervals  along  the  cross  section 

There  is  much  uncertainty  regarding  the  weight  to  be  given  velocity 
measurements.  As  a  rule  the  velocities  recorded  are  the  maximums 
Suppose  test  wells  are  set  4  feet  in  a  pervious  stratum,  the  upper  tw< 
feet  of  which  is  composed  of  coarse  sand  2  millimeters  in  diameter 
the  lower  two  feet  composed  of  fine  sand  0.4  millimeter  in  diameter 
with  a  pressure  gmdient  of  10  feet  per  mile.  As  computed  fron 
tables  prepared  b\^  Prof.  Charles  S.  Slichter,  **  the  velocity  of  flow  ii 
the  upper  bed  will  be  at  the  rate  of  5,386  feet  per  3'ear,  and  in  th< 

a  Slichter,  Charles  S.,  The  motion  of  underground  water:  Water-Sup.  and  Irr.  Paper  No.  67,  U.  f 
Geol.  Survey,  1902,  p.  2». 
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lower  N^d  at  the  rwto  of  21f>  foot  per  j-c?«r.  In  the  first  instance  this  is 
at  the  nite  of  14.75  ft»et  jx^r  day,  and  in  the  second  at  the  rate  of  0.59+ 
foot  iM}r  day. 

If  the  test  wells  are  spaced  4  feet  apart  the  chemicals  used  in  charg- 
ing the  upper  wh^IIs  should  (msH  through  the  coarse  stratiun  and  reach 
the  lower  well  in  al)out  six  and  one-half  hours,  while  it  will  take  alK>ut 
one  hundred  and  sixty-two  and  five-tenths  hours  for  the  same  chemiail 
charge  to  re4u*h  the  lower  well  through  the  fine  stratum.  In  such  a 
case,  the  salt  passing  from  the  upper  bed  would  enter  the  lower  well 
and  cause  a  sudden  rise  in  the  current,  as  recorded  by  the  instruments. 
The  sal  ammoniac  in  solution,  being  much  heavier  than  the  ground 
water  alone,  will  settle  and  fill  the  lower  well.  There  is  no  doubt  but 
that  the  result  is  correct  for  the  upper  2  feet,  but,  as  the  lower  well  is 
full  of  the  solution  of  stil  ammoniac,  there  will  be  no  means  of  ascer- 
taining when  the  charge  from  the  lower  stratum  reached  the  well,  even 
if  the  test  should  he  continued  for  six  and  three-fourths  days,  which 
is  highly  iniprol)al>le.  It  is  in  fact  impossible  to  know,  in  testing 
material  naturally  deposited,  whether  the  flow  is  through  the  whole 
section  tested  or  through  one  or  two  thin  strata.  The  only  practical 
method  is  to  use  short  well  points  and  test  the  ground  at  each  few  feet 
in  depth. 

The  most  promising  field  for  this  method  of  testing  underflow  is  in 
regions  where  the  pervious  formations  are  uniform  in  composition  and 
texture  throughout  wide  areas,  and  where  the  water  table  is  not  sub- 
ject to  great  fluctuations  in  level.  If  testing  in  mountainous  regions 
or  in  the  debris  cones  of  torrential  streams  is  attempted,  the  testing 
stations  should  l)e  close  together  and  tcst^  made  at  many  points  and  at 
various  depths,  to  eliminate  as  much  as  possible  the  inaccuracies  due 
to  varying  texture  and  porosity  of  the  formations. 

BA8I>*  OF  TX)8  ANC^JiJLKfcLJlIVEK.     '.  ^>^^ 

The  drainage  basin  of  Los  Angeles  River  has  an  area  of  approxi- 
mately 502.5  square  miles. 

The  principal  eastern  trilmtaries  of  this  stream  rise  on  the  west 
slopes  of  San  Gabriel  Mountains  and  flow  down  to  San  Fernando 
Valley  in  deep  rocky  canyons  which  have  been  eroded  in  the  granitic 
rocks  of  the  mnge  (see  fig.  12).  These  streams  are  torrents  during 
the  rainy  season,  but  dwindle  to  mere  rivulets  in  the  summer.  When 
in  flood  they  transport  a  vast  amount  of  detritus,  sand,  gravel,  and 
l>owVlej-s  to  thK^  plain  Ijjilow,  ^nd  hg-jft^buried  the  o|^  drainage  lines 
across  the  east  end  ctf  San  Fernando  Valley  beneath'  extensive  detritus 
cones,  into  which  the  surface  streams  sink  except  in  times  of  extraor- 
diiiar}'^  floods. 

The  western  tributaries  of  Los  Angeles  River  rise  in  Santa  Susanna 
Mountains,  which  bound  San  Fernando  Valley  on  the  north,  and  in 
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Santa  Monica  Mountains  on  the  south.  These  streams  are  small, 
i-arel}'  reaching  the  eastern  end  of  the  valley.  They  flow  over  sand- 
stones, shales,  cla3's,  etc.,  and  are  strongly  impregnated  with  alkaline 
salts,  in  strong  contrast  to  the  pure  water  from  the  granitic  range  to 
the  east. 

After  flowing  southerly  in  a  broad  underground  channel  beneath 
the  detritus  in  the  east  end  of  San  Fernando  Valley,  the  water  of 
Los  Angeles  River  is  deflected  easterly  by  tl:ie  impervious  rocks  of 
Santa  Monica  Mountains.  This  barrier,  taken  together  with  the  con- 
traction of  the  underground  channel,  so  obstructs  the  free  percolation 
below  that  much  of  the  ground  water  rises  and  flows  as  a  surface 
stream  again. 


Fig.  12.— Drainage  basin  of  Los  Angeles  River. 

After  rounding  the  eastern  end  of  Santa  Monica  Mountains  the 
river  flows  through  a  region  of  low,  rolling  hills  in  a  valley  which  is 
about  2i  miles  across  at  the  widest  place  and  narrows  to  half  a  mile  at 
Los  Angeles,  6  miles  below.  This  valley  was  formerly  deeper  than  at 
present,  and,  in  conunon  with  San  Fernando  Valley  above,  has  been 
partially  filled  with  river  detritus,  which  near  the  mountains  is  very 
coarse  but  becomes  fine  and  contains  beds  of  sand  and  silt  toward 
the  south.  The  gradual  change  from  coarse  to  fine  material  in  con- 
nection with  the  contraction  of  the  underground  channel  without 
doubt  causes  the  rise  of  ground  water  along  this  6-mile  section  of  the 
river.  At  the  mouth  of  the  Arroyo  Seco  a  marked  change  occurs  in 
the  character  of  the  stream  detritus.  This  stream  is  steep-graded  and 
torrential,  heading  on  the  precipitous  slopes  of  San  Gabriel  Mountains 
(see  fig.  12).     After  leaving  the  mountains  it  flows  in  a  canyon  cut 
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across  the  hill  country  to  its  junction  with  Los  Angeles  River.  It 
carries  bowlders,  coarse  gravels,  and  sand  into  the  river  valley,  and  its 
wide-spreading  debris  cone  at  the  mouth  of  the  canyon  has  forced 
Los  Angeles  River  to  the  southwest  side  of  the  old  valley.  There  is 
evidence  that  this  debris  cone  was  once  more  extensive  than  now,  and 
it  without  doubt  then  acted  as  a  barrier  to  the  flow  of  the  river,  thus 
perhaps  accounting  in  a  measure  for  the  fine  material  in  the  valley 
immediately  above.  About  2  miles  below  Huron  street  the  river 
flows  out  on  an  alluvial  plain  and  the  surface  stream  soon  sinks. 

Lower  Los  Angeles  River,  extending  from  Huron  street  12  miles 
northwesterly,  being  supplied  by  underground  water,  is  remarkably 
Jjog  of  well  Uuderfljow  tests 
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Fig.  13.— Underflow  tests  at  station  1. 

uniform  in  its  discharge,  little  difference  being  noted  throughojit  the 
year.  The  entire  surface  and  part  of  the  underflow  is  diverted  by  the 
city  of  Los  Angeles  for  domestic  use  and  irrigation. 

Ti:STS  IN  1902. 

The  following  preliminary  tests  were  made  in  Los  Angeles  River 
valley  during  Septem})er  and  October,  1JM)2.  The  tests  made  at 
stations  1  and  2  were  mainly  for  the  purpose  of  adapting  the  apparatus 
to  local  conditions. 

STATIONS   AND    RESULTS. 

Station  1  is  in  Los  Angeles  River  bed,  at  the  Los  Felis  road  bridge, 
near  Huron  street  (see  fig.  21).     A  group  of  well  points  was  driven 
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by  hand  to  a  depth  of  11  feet.  The  velocity  of  the  underflow  was  27 
feet  per  day  between  3  feet  and  11  feet,  and  the  movement  was  S.  SC-  E., 
or  away  from  the  surface  stream,  which  was  actually  losing  water  at 
this  point.  Later  the  water  table  was  found  to  slope  in  the  direction 
indicated  by  the  underflow.  The  order  of  the  strata,  record  of  the 
wells,  and  the  velocity  measurements  at  this  station  are  shown  in  fig. 
13.  Sixty-five  feet  to  the  east  of  this  station  another  group  of  well 
Qoints  was  driven  to  a  depth  of  11  feet  and  tested  between  3  feet  and  11 
feet,  but  no  underflow  was  detected.  They  were  then  driven  to  a 
depth  of  19  feet,  and  tested  between  11  feet  and  19  feet,  with  the  same 

Log  of  weU  Underflow  tests 
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Fio.  14.— Underflow  testa  at  station  2. 

result.     As  these  were  driven  wells  no  samples  wore  collected,  but  the 
i>=         material  appeared  to  be  fine  silt  except  near  the  surface,  where  it  was 
somewhat  sandy,  and  it  is  probable  that  the  underflow  at  station  1 
was  through  this  top  stratum. 
In  August  and  Septorabor,  1903,  the  Southern  Pacific  Railroad  Com- 
*  I        pany  dug  pits  for  bridge  piors  in  the  rivor  bod  al)out  100  feet  east  of 
'        this  point.     The  material  penetrated  was  mainly  nuid  and  silt,  with  a 
few  irregular  seams  of  sand.     Only  the  sand  beds  were  water  bearing; 
•they  are  from  2  to  4  inches  thick. 

Station  2  is  ou  tiie  west  side  of  the  river,  1  mile  above  the  Huron 
street  section,  as  shown  in  fig.  12.     A  group  of  well  points  was  driven 
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by  hand  to  a  depth  of  9i  feet,  and  a  test  made  between  1^  feet  and  91 
feet,  Hhowing  the  direction  of  the  underflow  to  be  S.  5^  E.,  velocity 
5  feet  per  day.  No  samples  of  the  strata  pierced  were  collected,  but 
the  amount  of  water  pumped  indicated  that  the  ground  was  not  porous. 
The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  measure- 
ments are  shown  in  fig.  14. 

The  testing  apparatus  was  then  moved  upstream  to  San  Fernando 
Valley,  where  the  conditions  of  underflow  and  the  extent  of  the  ground 

log  of  weU  Underflonf  teste 
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Pio.  16.— Underflow  teste  at  station  3. 

water  have  been  tlproughly  studied.  Tho  object  of  these  test«  was  to 
determine,  if  possible,  the  relation  of  the  slope  of  the  water  table  to 
the  direction  and  velocity  of  the  underflow. 

Station  8  is  on  the  east  bank  of  Tujunga  Wash,  near  its  junction 
with  Los  Aiij^eles  River,  as  shown  in  fig.  12.  A  group  of  well  points 
was  driven  hy  hand  to  a  depth  of  14i  feet,  and  a  test  made  between 
6i  feet  and  14i^  feet,  where  the  direction  of  tho  underflow  was  S.  23- 
E.,  velocity  17  feet  per  day.  The  wells  were  then  driven  deeper  and 
a  test  made  between  14i  feet  and  22i  feet,  but  no  underflow  could  be 
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detectiBd.     No  samples  were  collected.    The  underflow  appeared  to  be 
along  the  gravel  beds  in  the  bottom  of  the  wash. 

The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  meas- 
urements are  shown  in  fig.  15. 

Station  4  is  on  the  east  bank  of  Tujunga  Wash,  as  shown  in  fig. 
12.  A  group  of  well  points  was  here  driven  by  hand,  and  a  test  made 
between  6i  feet  and  14i  feet,  where  the  direction  of  the  underflow 
was  S.  13^  E.,  velocity  4i  feet  per  day.    These  wells  were  driven 

Ijog  of  well  Underflow  teste 
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Fio.  16.— Underflow  tests  at  station  4. 

deeper,  and  a  test  was  made  as  at  station  3,  but  no  underflow  could 
be  detected.  The  order  of  the  strata,  record  of  the  wells,  and  the 
velocity  measurements  are  shown  in  fig.  16. 

Station  5  is  on  Los  Angeles  River,  near  the  road  from  Burbank 
to  Cahuenga  Pass,  as  shown  in  fig.  12.  A  group  of  well  points  was 
here  driven  by  hand  to  a  depth  of  34^  feet,  and  a  test  made  between 
26k  feet  and  34i  feet,  where  the  direction  of  the  underflow  was  S.  40° 
E.,  velocity  48  feet  per  day.  The  water  from  this  depth  rase  to  a 
point  6  feet  above  the  surface,  and  it  is  possible  that  the  high  velocity 
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was  caused  by  leakage  upward  around  the  casing,  which  drew  the 
charged  water  toward  the  well.  Borings  were  made  with  a  2-iDcl) 
HU|ror  ut  this  station.  The  order  of  the  strata,  record  of  the  wellM, 
und  the  vcloi*ity  lueasurements  are  shown  in  fig.  17. 

Station  t>  is  in  Tujunga  Wash,  south  of  the  road  from  Burbank  to  Ca- 
hucnga  Ptiss,  as  shown  in  fig.  12.  This  group  of  wells  was  driven  to 
a  depth  of  16  feet,  and  a  test  made  between  8  feet  and  16  feet,  where 
the  underflow  was  N.  75^  E.,  velocity  8i  feet  per  day.  Borings  were 
made  with  a  2-inch  auger  at  this  station.    The  order  of  the  strata, 
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Fio.  17.— Underflow  tests  at  station  5. 

record  of  the  wolls,  and  the  velocity  measurements  are  shown  in 

ii^r.    IS. 

Station  7  is  on  the  left  bank  of  Los  Angeles  River,  1  mile  south  of 
Burbank,  at  the  mouth  of  a  broad  sandy  wiush  (see  fig.  12).  This 
^roiip  of  wells  was  driven  by  hand  to  a  depth  of  8  feet,  and  a  test 
made  between  5  feet  and  8  feet,  where  the  direction  of  the  underflow 
wjis  due  east,  velocity  2J  feet  per  day.  The  underflow  was  away 
from  the  surface  stream,  and  the  slope  of  the  water  table  was  after- 
wards found  by  leveling  to  bo  in  the  direction  indicated  by  the  under- 
flow. The  order  of  the  strata,  record  of  the  wells,  and  the  velocity 
measurements  are  shown  in  tig,  19, 
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Station  8  is  on  the  left  bank  of  Los  Angeles  River,  1  mile  south  of 
Burbank,  at  the  mouth  of  a  sandy  wash  (see  fig.  12).  This  group 
of  wells  was  driven  by  hand  to  a  depth  of  9  feet,  and  a  test  made 
between  1  foot  and  9  feet,  where  the  underflow  was  found  to  be  N. 
60°  E.,  velocity  6.4  feet  der  day.  The  order  of  the  strata,  record  of 
the  wells,  and  the  direction  of  the  underflow  are  shown  in  fig.  20. 

These  tests  indicate  that  in  general  the  underflow  is  in  the  direction 
of  the  greatest  slope  of  the  water  table,  although  there  are  marked 
variations.  No  relation  could  be  traced  between  the  slope  of  the  water 
table  and  the  velocity  of  the  underflow.  The  conclusion  drawn  from 
the  few  tests  made  was  that  the  underflow  tends  to  follow  the  most 
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Pio.  18.— Underflow  tests  at  station  6. 


pervious  strata,  even  if  the  extension  of  these  beds  varies  considerably 
from  the  general  slope  of  the  water  table.  The  maximum  velocities 
are  also  found  in  such  strata. 


TESTS  AT  HURON  STREET  IN   1903. 

Extensive  tests  were  made  at  the  narrows  of  the  Los  Angeles  River 
along  Huron  street,  Los  Angeles,  Cal.,  in  1903  (see  Hg.  21).  This 
locality  will  be  spoken  of  as  the  Huron  street  section.  It  was  selected 
for  the  following  reasons: 

(1)  In  1896  the  city  drilled  several  test  wells  to  bed  rock,  furnishing 
valuable  data  regarding  the  cross  section  of  the  pervious  gravel  beds. 
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i:t »  The  city  water  i-orami^oners  are  now  driving  a  tunnel  in  bed  rock 
beneath  the  river  rhannel.  be^nning  about  half  a  mile  south  of  Huron 
!*treet.  to  extend  entirelv  across  the  valler  (see  fig.  12).  It  i.s  the 
intention  in  the  future  to  drill  wells  throi^h  the  pervious  gravels  and 
the  U-d  rook  aliove  the  tunnel  and  by  perforating  them  draw  off  the 
percolating  gnmnd  w:iter  thn>ugh  the  tunnel  and  pump  it  to  the  citv 
reservoirs.  It  wa>  lielieved  that  the  amount  of  water  intercepted  by 
the  tunnel  would  give  an  approximate  check  on  the  accuracy  of  the 
ground-water  mea!!iurenient:«. 

(3)  The  locality  i>  near  $hop:>  at  which  tools  and  machinery  could  be 
repaired,  or  manufactured  if  necessary. 

Lmf  uf  well  Underflow  tests 
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Fio.  19.— Underflow  testa  at  station  7. 

The  surface  profile  of  Huron  street  and  the  cross  section  of  the  per- 
vious frravcls  Im-sIow  are  shown  in  figf.  22.  The  points  marked  station 
1  and  stations  U  to  16  on  both  map  and  profile,  figs.  21  and  22,  repre- 
sent [groups  of  t(5st  wcills  sunk  by  the  United  States  Geological  Survey. 
The  points  nunibonHl  1-7  represent  test  wells  sunk  by  the  city  of  Los 
Angeles  in  ISIM*,  and  the  wells  numbered  8-22  represent  house  w^ells  in 
the.  vicinity.  The  underground  cross  section  was  platted  from  the 
information  supplied  by  the  various  test  wells  and  house  wells  in  the 
vi<'inity .  This  repn»s(»ntation  of  the  underground  conditions  is  necessa- 
rily incomplete-,  but  no  additional  information  is  obtainable  at  present. 
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Attention  is  called  to  the  fact  that  the  pervious  beds  of  sand  and 
gravel  in  this  section  (fig.  22)  fall  into  two  distinct  groups,  the  lower 
and  most  westerly  filling  the  bottom  of  the  old  channel  of  Los  Angeles 
River.  The  easterly  group  is  without  doubt  the  thinning  edge  of  the 
Arroyo  Seco  debris  cone.  This  is  proved  by  the  fact  that  the  coarse 
debris  from  the  Arroyo  Seco  can  be  traced  directly  to  this  place.  The 
terrace  at  the  east  end  of  the  section  is  also  composed  of  the  same 
material. 

The  tests  of  underflow  point  to  the  conclusion  outlined  above;  in  the 
lower  gravel  bed  the  direction  of  the  underflow  is  down  the  general 

Log  q5  weU  Underflow  tests 
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Fio.  20.— Underflow  tests  at  station  8. 

trend  of  the  river  valle}',  as  shown  by  the  arrows  on  the  map  at  sta- 
tions 1  and  9-11;  while  at  stations  12, 13, 14,  15,  and  16  the  divergence 
from  the  trend  of  the  valley  is  very  marked — in  fact,  at  station  15  the 
flow  at  present  is  up  Los  Angeles  River  Valley. 

It  is  probable,  however,  that  this  reversion  of  the  flow  is  due  to  the 
rise  of  the  water  table  in  the  Arroyo  Seco  debris  cone.  Normally  the 
underflow  is  probably  from  Los  Angeles  River  down  the  slope  of  the 
water  table,  as  indicated  by  the  broken  contours  in  fig.  21,  which  show 
the  slope  of  the  water  table  in  December,  1902,  while  the  dotted  con- 
tours show  the  slope  in  June,  1903,  the  change  being  due,  as  above 
noted,  to  the  floods  of  the  Arroyo  Seco.     The  portions  of  the  cross 
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section  where  lueHsunible  vel<M*itie8  were  observed  are  diagonally 
c'ro88  Imtched.     The  rost  of  the  section  appears  to  be  practically 
impervious. 
The  depths  at  which  the  various  tests  were  made  and  the  direction 


t- ; 


Fio.  21.— Map  of  Huron  Rtreet  and  vicinity.  Unbroken  lines  are  surtace  contours  showing  topog- 
raphy; broken  lines  show  form  of  water  table  in  Deeember,  1902:  dotted  lines  show  form  of  water 
table  in  Juue,  1908. 

and  velocity  of  the  underflow  measured  are  shown  in  figs.  23-30. 

Attention  is  called  to  the  general  agreement  in  the  slope  of  the 
water  table  and  direction  of  the  underflow. 


Fig.  22.— Huron  street  cross  section. 


STATIONS   AND   RESULTS. 


The  first  test  made  was  at  station  9  (tig.  21),  just  above  station  1.  A 
group  of  well  points  was  driven  with  a  hand  rig  and  tested  between 
15  feet  and  23  feet.  The  direction  of  the  undei-flow  was  S.  30^  E., 
parallel  with  the  surface  stream,  velocity  77  feet  per  day.    The  well 
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points  were  then  driven  deeper  and  a  test  made  between  22  feet  and 
30  feet,  where  the  direction  of  the  underflow  was  S.  30^  E.,  velocity 
20.8  feet  per  day.  The  order  of  the  strata,  record  of  the  wells,  and 
the  velocity  measurements  are  shown  in  fig.  23. 

The  ampere  curve  of  the  second  test  at  this  station  is  shown  in  fig. 
11,  a.     It  illustrates  what  form  of  curve  may  be  expected  with  high 
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Fig.  23.— Underflow  tests  at  station  9. 

velocities  and  shows  that  observations  at  intervals  of  a  few  minutes 
must  be  taken  to  correctly  delineate  such  a  curve.  This  is  an  extreme 
case,  however.  A  test  well  was  sunk  by  the  hydraulic-jetting  method 
here  and  the  record  of  the  wells  is  based  on  the  material  washed  out 
of  the  drivepipe.  The  pipes  broke  when  it  was  attempted  to  drive 
them  beyond  about  30  feet  and  no  deeper  tests  were  made. 
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Station   10  is  on  the  left  bank  of  the  river,  as  shown  in  fig.  SI. 
This  group  of  wells  was  sunk  with  a  hand  rig,  using  the  heavy  drive- 
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Fig.  24.— Underflow  testR  at  station  10. 


pipe  described  on  page  15.     The  first  test  was  made  between  41  feet 
and  49  feet.    The  direction  of  the  underflow  was  S.  50^  E.,  velocity  7 
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feet  per  day.  It  should  be  noted  that  the  flow  wan  probably  through 
the  Htratum  between  46  feet  and  60  feet.  Tests  were  afterwards 
made  betweeen  33  feet  and  41  feet,  between  25  feet  and  33  feet,  and 
between  17  feet  and  25  feet,  but  no  underflow  was  detected.    The 


Log  of  well 


SUt  and  sand  16' 


Quicksand   2f^ 


SUt  amd  sand    11' 

CosaaSb  sand    8' 
Cemented  sand  4' 

Coarse  sand  if 


Qnlcksand  is' 


FinesBRnd    10' 


16 


41 


52 
©9' 


Tfl 


9i 


104 


yr 


17 


XI' 


4^ 


.^5 


mi 


87 


95 


103 


Vortical  scale 
10  2() 


Vnclerrtow  u^sts 


ii 

0 

^  B   >^ 

*3      o      u 

11  & 

>  5  e 

11 

10 

0 

s  ao"  w 

20.0' 

8 

S80*K 

16,0' 

7 

Soutb 

10.0' 

6 

1    S  30*  E 

lo.o' 

5 

4 

3 

m 

2 

1 

30  feet 


Fig.  25.— Underflow  tests  at  station  11. 


material  washed  out  of  the  drivepipe  also  indicated  that  the  ground 

was  pnietically  iniporvious.     The  order  of  the  strata,  record  of  the 

wells,  and  the  velocity  moasurenients  at  this  sbition  arc  shown  in  tig.  24. 

Station  11  is  between  the  Southern  Pacific  Kailroad  and  Avenue  20, 
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as  shown  in  fig.  21.  One  well  of  this  group  was  sunk  with  the  hand- 
rig  and  the  rest  by  the  well-driving  niaohinerj',  as  descnhed  on  page 
12.  The  first  test  was  made  between  95  feet  and  103  feet,  but  the 
result  was  uncertain,  the  final  conclusion  being  that  there  was  no 
underflow  at  this  depth.  Other  tests  were  made  between  87  feet  and 
95  feet,  Iwtween  79  feet  and  87  feet,  between  71  feet  and  79  feet,  and 
between  «>3  feet  and  71  feet,  but  no  underflow  could  be  detected.  The 
water  from  63  feet  to  1(»4  feet  was  heavily  charged  with  sulphureted 
hydrogen.     A  test  was  then   made  between   55  feet   and  63  feet 
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Fig.  26.— Underflow  tests  at  station  12. 


The  direction  of  the  underflow  was  S.  30^  E.,  velocity  10  feet  per 
day.  Another  test  was  made  between  49  feet  and  57  feet.  The  direc- 
tion of  the  underflow  was  due  south  and  the  velocity  10  feet  per  day. 
This  was  followed  by  a  test  between  41  feet  and  49  feet,  where  the 
direction  of  the  undei^flow  was  S.  30*^  E.,  velocity  16  feet  per  day. 
The  next  test  was  between  33  feet  and  41  feet,  where  the  direction  of 
the  underflow  was  S.  30^  W.,  velocity  20  feet  per  day.  Two  more 
tests  were  made,  one  l)etween  2.5  feet  and  33  feet  and  another  be- 
tween 17  feet  and  25  feet,  but  no  underflow  was  detected.    The  order 
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of  the  strata,  record  of  the  wells,  and  the  velocity  measurements  at 
this  station  are  shown  in  fig.  25.  The  wide  divergence  in  the  direc- 
tion of  the  underflow  at  this  station,  amounting  to  GO  ,  indicates 
that  the  water  follows  the  most  open  strata. 

Station  12  is  at  the  intersection  of  Huron  street  and  Avenue  22,  as 
shown  in  fig.  21.  Tests  were  made  between  63  feet  and  71  feet,  between 
53  feet  and  61  feet,  between  44  feet  and  52  feet,  and  between  35  feet 
and  43  feet,  but  no  underflow  was  detected.  The  next  test  was  made 
between  27  feet  and  35  feet,  where  the  direction  of  the  underflow  was 
S.  15^  W.,  velocity  48  feet  per  day,  and  also  S.  75^  W.,  velocity  48 
feet  per  day,  the  underflow  here  apparently  being  through  two  porous 
strata  in  which  the  directions  of  movement  diverge  60°.     The  last 
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Fro.  27.— Underflow  tests  at  station  13. 


test  was  made  between  20  feet  and  27  feet,  where  no  underflow  was 
detected.  The  order  of  the  strata,  record  of  the  wells,  and  the  velocity 
measurements  are  shown  in  fig.  26.  Below  50  feet  the  water  was 
impregnated  with  sulphureted-hydrogen  gas. 

Station  13  is  at  the  corner  of  Huron  street  and  Avenue  26,  as  shown 
in  fig.  21.  A  test  was  made  between  38  feet  and  46  feet,  where  the 
direction  of  the  underflow  was  S.  15^  W.,  velocity  68  feet  per  day. 
The  next  test  was  between  30  feet  and  38  feet,  where  the  direction  of 
the  underflow  was  S.  15°  W.,  and  the  velocity  20  feet  per  day.  The 
last  test  was  between  24  feet  and  30  feet,  where  the  direction  of  the 
underflow  was  S.  45°  W.,  velocity  3.4  feet  per  day.  The  order  of 
the  strata,  record  of  the  wells,  and  the  velocity  measurements  are 
shown  in  tig.  27.     Attention  is  called  to  the  westerly  direction  of  the 


48 


UNDEBFLOW   TESTS    IN    LOS    ANGELES    BASIN. 


underflow,  due,  without  doubt,  to  the  influence  of  the  rising 
table. 

Station  14  is  at  the  crossing  of  Huron  street  and  River  sti 
shown  in  tig.  21.  The  first  test  was  between  44  feet  and  52  feet 
the  direction  of  the.  underflow  was  S.  75^  W.,  velocity  48  fe 
day.  The  next  test  was  between  36  feet  and  44  feet,  where  the 
tion  of  the  underflow  was  S.  76^  W.,  velocity  32  feet  per  day 
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Fig.  28.— Underflow  testa  at  station  14. 


top  of  the  well  screen  being  at  about  the  level  of  the  water 
))efore  tho  rise  due  to  the  floods  of  the  Arroyo  kSeco,  it  was  dec: 
leave  the  pipes  in  the  ground  and  test  the  direction  and  velocity 
underflow  iis  the  water  table  gradually  falls.  That  it  will  fall  is  ] 
by  the  fact  that  the  w^ells  above  are  now  lowering  at  about  1  fc 
week.  The  order  of  the  strata,  record  of  the  wells,  and  the  v 
measurements  are  shown  in  fig.  28. 
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station  15  is  at  the  eastern  termination  of  Huron  street,  as  shown 
fig.  21.     The  first  test  was  made  between  45  feet  and  47  feet,  but 
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underflow  was  detected.     A  test  was  then  made  between  42.5  feet 
I  44.5  feet,  where  the  direction  of  the  underflow  was  N.  76^  W., 
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veloi'ity  (\  feet  per  day.    The  next  test  was  between  40  feet  and  42 
foot,  where  the  direction  of  the  underflow  was  N.  76^  W.,  velocity 
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Fig.  30.— Underflow  tests  at  station  16. 


3.5  foot  per  day.  Another  test  was  made  l)ctween  38  feet  and  40  feet, 
where  the  direction  of  the  underflow^  was  N.  75^^  W.,  velocity  3,4  foot 
por  day.     The  last  test  was  made  })otwenn  3()  feet  and  38  feet,  where 
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the  direction  of  the  underflow  was  N.  75^  W.,  velocity  11  feet  per  day. 
iJr-r.-|    The  order  of  the  strata,  record  of  the  wells,  and  the  velocity  measure- 
ments  are  shown  in  fig.  29. 

Station  16  is  north  of  Huron  street,  between  Avenue  20  and  Avenue 
22,  as  shown  in  fig.  21.  Tests  were  made  between  52  feet  and  66  feet 
and  between  49  feet  and  62  feet,  but  no  underflow  was  detected.  The 
next  test  was  made  between  45  feet  and  49  feet,  where  the  under- 
flow was  S.  22^  W.,  velocity  4  feet  per  day.  Tests  were  then  made 
between  41  feet  and  45  feet,  between  37  feet  and  41  feet,  between  33 
feet  and  37  feet,  and  between  29  feet  and  33  feet,  but  no  underflow  was 
detected.  A  test  was  then  made  between  25  feet  and  29  feet,  where  the 
direction  of  the  underflow  was  S.  8^  E.,  velocity  96  feet  per  day. 
The  last  test  was  made  between  21  feet  and  25  feet,  but  no  underflow 
was  noted  here.  The  order  of  the  strata,  record  of  the  wells,  and  the 
velocity  measurements  are  shown  in  fig.  30. 

Attention  is  dii-ected  to  the  probability  of  this  well  having  pene- 
trated both  pervious  areas  in  the  Huron  street  cross  section,  as  shown 
in  fig.  22.  All  the  ground  tested  here,  except  the  two  beds  in  which 
underflow  was  detected,  seemed  to  be  close-textured  and  practically 
impervious. 

DISCHARGE   AT   HURON    STREET. 

Owing  to  the  reversal  in  the  normal  direction  of  underflow,  by  the 
floods  of  the  Arroyo  Seco,  it  is  not  possible  to  estimate,  except  very 
approximately,  the  quantity  of  ground  water  passing  the  Huron  street 
section.  The  observed  facts  are  here  presented,  from  which  engineers 
may  draw  their  own  conclusions  regarding  the  tests  and  value  of  the 
computations  submitted. 

The  western  and  lower  gravel  bed,  shown  on  the  cross  section,  fig. 
22,  has  a  cross-sectional  areu  of  approximately  17,(K)0  square  feet,  and 
the  upper  and  eastern  gravel  bed  has  a  cross-sectional  area  of  about 
30,700  square  feet  below  the  water  plane  of  1896.  These  figures  are 
based  on  the  results  of  the  underflow  tests,  and  on  the  assumption 
that  all  the  cross  section  where  flow  was  not  detected  has  a  velocity 
of  underflow  of  1  foot  per  day.  The  outline  of  the  pervious  sections 
was  sketched  from  station  to  station. 

The  average  of  all  the  velocities  observed  in  the  western  gravel  bed 
is  20.6  feet  per  day,  and  the  porosity  is  assumed  to  be  25  per  cent. 
Using  this  data,  the  discharge  from  this  portion  of  the  section  should 
be  17,000X20.6X0.25  =  87,550  cubic  feet  per  day.  This  discharge 
should  be  reduced  by  about  20  per  cent  to  correct  for  the  obliquity  of 
flow  across  the  section,  87,550X0.8=70,040  cubic  feet,  or  624,000 
gallons  per  day,  in  round  numbers. 
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The  average  of  all  the  velocities  observed  in  the  eastlBm  gravel  bed 
is  30.9  feet  per  day.  If  it  is  assumed  that  under  normal  conditions 
the  height  of  the  water  table  is  represented  by  the  line  marked  1896 
in  fig.  22,  the  area  of  the  cross  section  through  which  flow  take^ 
place  will  be  30,700  square  feet.  The  slope  of  the  water  table  was 
not  radically  different  in  1896  (the  assumed  normal  condition)  from 
what  it  was  in  1903,  when  the  underflow  tests  were  made,  but  the 
direction  of  the  flow  in  the  eastern  end  of  the  section  was  deflected 
nearly  or  quite  90  degrees  from  the  normal.  It  is  assumed  that  since 
the  degree  of  slope  of  the  water  table  at  these  two  periods  is  approxi- 
mately the  same,  the  velocity  of  underflow  was  not  radically  different 
Under  normal  conditions,  the  direction  of  flow  makes  an  angle  of 
about  30  degrees  with  the  line  of  Huron  street.  The  computed  dis- 
charge has  been  multiplied  by  0.50,  the  sine  of  30  degrees,  to  correct 
for  the  obliquity  in  the  direction  of  the  flow.  The  porosity  is  here 
assumed  to  be  25  per  cent,  as  before.  The  discharge  from  this  portion 
of  the  section  should  then  be  30,700X30.9X0.25X0.5=118,578  cubic 
feet,  or  889,000  gallons  per  day,  in  round  numbers. 

Although  no  flow  was  detected  in  the  rest  of  the  cross  section, 
between  the  water  table  and  bed  rock,  it  can  not  be  entirely  impervi- 
ous, and  it  is  assumed  that  the  average  velocity  is  1  foot  per  day. 
This  is  certainly  a  maximum,  as  many  tests  were  continued  long 
enough  to  detect  as  low  a  velocity  as  this. 

If  the  average  porosity  is  assumed  to  be  25  per  cent  as  above,  and 
the  average  direction  of  underflow  is  at  an  angle  of  30  degrees  with 
Huron  street,  the  discharge  from  this  section  should  be  60,0(X)XlX 
0.25X0.50=7,500  cubic  feet  per  day,  or  56,000  gallons,  in  round  num- 
bers. 

The  total  computed  discharge  from  the  Huron  street  section  will 
then  be  190,118  cubic  feet  per  day,  or  2.27  cubic  feet  per  second. 

The  city  tunnel  has  now  been  driven  1,163  feet  under  the  river  bed, 
one-fourth  mile  below.  This  tunnel  yields  about  7  second-feet  when 
pumped  for  a  short  time  at  intervals  of  a  few  days.  The  supply  from 
the  tunnel  has  so  far  been  drawn  from  the  water  stored  in  the  gravels 
in  the  immediate  vicinity,  pumping  not  liaving  as  yet  been  continued 
long  enough  to  demonstrate  what  the  gravel  beds  will  yield. 

COST  OF  TESTS  AT  HURON    STREET. 

The  following  table  shows  the  average  cost  of  testing  underflow  at 
Los  Angeles,  Cal.,  for  a  jx^riod  of  two  months,  using  the  well-drilling 
machinery  and  testing  apparatus  described  in  this  report: 


HAMLDf.J  SUMMARY.  53 

CM  of  underflow  tests  at  Huron  street^  Los  Angeles,  Col.,  from  May  14  to  July  14,  190S, 


Total 
expenses 

lor  2 
months. 

Driving 
pipe. 

Pulling 
pipe. 

Testing. 

WelldriUer 

$150 

100 

70 

150 

120 

40 

30 

8 

150 

$96 
64 
40 

$22 
14 
10 

$32 

TAbOI^»TP          ,-,---,,,-,. -          -    r 

22 

Cook 

20 

Obeerver 

150 

Sabsistence 

50 
28 

20 
6 

50 

Repairs 

6 

Chpfniraliii.    ^ 

30 

Fuel 

6 
60 

2 
30 

Sapervision 

60 

Total 

818 

344 

104 

370 

Pipe  driven,  989  feet;  cost  per  foot,  $0,348. 

Pipe  pulled,  929  feet;  cost  per  foot,  $0,111. 

Total  number  of  underflow  tests,  16;  cost  per  test,  $23,125. 

Total  average  cost  per  test,  including  driving,  pulling,  etc.,  $51,125. 

The  well-drilling  machinery  described  was  constructed  in  Los 
Angeles  from  designs  furnished  the  foundrymen  and  from  machinery 
purchased  at  local  supply  houses. 

Cost  of  well'drilling  machinery. 

Cost  of  drilling  rig  in  Los  Angeles $870. 00 

Two  hundred  linear  feet  of  3-inch,  double,  extra-heavy  drive  pipe,  with 
taper-joint  couplings,  at  $4  per  foot 800. 00 

Total 1,670.00 

SUMMARY. 

The  following  suggestions  are  based  on  the  experience  gained  during 
the  work  at  Huron  street  and  in  the  San  Fernando  Valley: 

(1)  The  location  of  the  section  where  it  is  proposed  to  test  the  under- 
flow should  be  carefully  studied.  It  should  be,  if  possible,  in  a  straight 
8ti*etch  of  the  valley,  and  at  some  distance,  either  up  or  down,  from 
large  tributary  streams. 

(2)  The  form  and  slope  of  the  water  table  should  be  ascertained  and 
the  line  of  test  stations  placed  most  advantageously. 

(3)  In  order  to  secure  accurate  results,  the  testing  stations  should 
be  close  together  along  the  line  of  the  section. 

(4)  The  well  screens  should  be  short  and  the  ground  should  be 
tested  at  each  2  to  4  feet  in  depth,  down  to  bed  rock  when  possible. 
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(5)  If   possible,   the    porosity  of    the   pervious   beds    should    be 
determined. 

(6)  When  making  deep  tests  some  form  of  drive  pipe  and  screen 
such  as  described  on  the  preceding  pages  should  be  used. 

(7)  Recording  ampere  meter  and  switch  clocks  should  be  used. 
The  discharge  from  a  given  section  will  undoubtedly  be  far  less 

than  anticipated,  the  popular  tendency  being  to  greatly  overestimate 
the  amount  of  underflow.  Even  if  the  results  attained  by  this  method 
of  testing  are  not  as  accurate  as  desired,  they  are,  nevertheless,  of 
great  value,  as  they  enable  investigators  to  compute,  appi*oximatelj, 
what  could  only  be  roughly  estimated  before. 
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ing         12 

Electrodes,  description  of 21-22 

figure  showing 22 

plate  showing 20 

Engine,  description  of 14 

Gilbert.  G.  K.,  on  test  of  sand  from  Arkan- 
sas River  Valley 29 

Ground  water,  definition  of 9 

flow  of,  method  of  measuring 24-28 

velocity  of,  method  of  determining 10-11 

Hammer,  description  of 17-18 

figure  showing. 18 

Hand  driving,  sinking  wells  by 12 

Head.    See  Drive  head. 

Huron  street,  discharge  at 51 

map  and  cross  section  at 42 

testa  at 39-54 

Jackscrews,  description  of 20 

use  of,  plate  showing 16 

King,  F.  H.,  on  pore  space  in  sands 29 

Los  Angeles  River,  basin  of ,  description  of.  32-34 

basin  of,  map  showing 33 

Machine  driiUng,  description  of 13-14 


Ptge. 

Meter,  ampere,  description  of 23 

plate  showing 26 

Methods  and  apparatus,  discussion  of 11-32 

Pipe.    See  Drivepipe. 

Pointe,  well,  description  of 20 

method  of  driving,  plate  showing 12 

plate  showing 12 

Pump,  description  of 15 

Pumping,  use  of,  in  determination  of  veloc- 
ity of  underflow 24-25 

Recording  charts,  plate  showing 24 

Recording  ampere  meter,  description  of. . . .       23 
plate  showing 26 

Rig,  description  of 13 

plate  showing 14 

Rods,  wash,  description  of 18 

Shoe,  drive,  description  of  and  flgure  show- 
ing         16 

Slichter,  C.  S.,  on  motions  of  underground 

waters 9, 11 

on  porosity  of  quartz  sand 29 

Stose,  G.  W.,  test  by 29 

Switch  clock,  description  of 22-23 

plate  showing 22 

Swivel,  water,  description  of  and  flgure 

showing 19 

Table,  water.    See  Water  table. 

Testa,  description  of 34-54 

Test  wells,  location  of 11-12 

plan  of  apparatus  and.  figures  showing.  24, 25 

Testing  apparatus,  description  of 20-24 

Underflow,  amount  of,  computations  of 29 

method  of  measuring 24-28 

velocity  of,  method  of  determining 10-11 

Underflow  tests,  methods  and  apparatus 

used  in 11-^32 

Velocity  of  underflow,  method  of  determin- 
ing   10-11 

Wash  rods,  description  of 18 

Water,  ground.    See  Ground  water. 

Water  table,  character  of  and  fluctuations 

in 10 

Water  swivel,  description  of  and  figure 

showing 19 

Well-drilling  machinery,  cost  of 53 

Well-drilling  rig,  description  of 13 

Well-drilling,  rig  and  machinery  for,  plates 

showing 14, 16 

Well  points,  description  of 20 

method  of  driving,  plate  showing 12 

plate  showing 12 

Wells  test,  location  of 11-12 

Wire,  description  of 21 

Wiring,  description  of,  in  determination  of 

underflow 25-26 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intbbior, 
United  States  Oeoixxsical  Suevey, 
Washington,  D.  C,  Jmuary  £7^  1904* 
Sm:  I  have  the  honor  to  transmit  herewith  two  manuscripts,  the 
rst  entitled  "Strawboard  Waste:  Its  Damage  to  Water  U^aroes 
ndits  Economic  Disposal,"  by  R.  L.  Sackett;  the  second,  ^^  Disposal 
f  Oil- Well  Wastes  at  -Marion,  Ind.,''  by  Isaiah  Bowman,  and  to 
^uest  that  they  be  published  together  as  one  of  the  series  of  Water- 
upply  and  Irrigation  Papers. 

These  papers  include  a  part  of  the  results  of  investigations  made  by 
te  division  of  hydro-economics.  The  determination  of  the  quality  of 
mailable  waters  in  the  United  States  and  their  applicability  to  domes- 
p  and  industrial  uses  involves  a  consideration  of  the  principal  sources 
'  their  pollution. 

The  subjects  dealt  with  in  these  papers  represent  two  particularly 
oublesome  sources  of  damage  to  water  resources.  The  areas  in 
bich  such  damage  occurs  are  very  large  and  important,  pollution  of 
e  kind  considered  in  the  first  paper  covering  tlie  States  of  Ohio, 
diana,  and  Illinois,  and  that  discussed  in  the  second  paper  having 
en  felt  in  all  those  paiix  of  the  country  in  which  oil  wells  have  been 
veloped. 

These  investigations  were  undertaken  in  an  experimental  way,  and 
is  hoped  tliat  they  may  serve  to  dii'(»ct  wider  uttontion  to  the  proh- 
aLs  involved,  to  the  end  that  pnu'tical  solutions  may  l)e  reached 
tiich  will  be  satisfactory  to  all  those  whose  interests  are  involved. 

.Very  respectfully, 

F.  H.  Newell, 
Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  Unified  Stnten  Geological  Sun}ey. 

7 


STRAWBOARD  WASTE:  ITS  DAMAGE  TO  WATER 
RESOURCES  AND  ITS  ECONOMIC  DISPOSAL. 


By  Robert  Lemuel  Sackbtt. 


INTRODUCTION. 

Rivera  and  streanLs  have  a  commercial  value  by  which  they  have 
been  universally  rated,  yet  in  many  cases  this  rating  must  properly 
take  into  account  more  than  strictly  commercial  or  industrial  uses. 
Water  power  or  shipping  facilities  have  often  determined  the  location 
of  a  mill  where  a  city  was  unforeseen,  and  the  value  of  the  stream  as  a 
source  of  water  supply  for  culinary  or  drinking  purposes  has  thus 
often  been  left  entirely  out  of  consideration.  But  watercourses  con- 
tribute not  only  to  the  commercial  value  of  a  location,  but  to  health, 
'^nd  their  influence  on  health  has  now  become  an  important  factor  in 
determining  the  money  value  of  the  lands  bordered  by  them.  Health 
^nd  wealth  are  in  some  localities  dependent  on  the  condition  and  flow 
^f  streams. 

All  sanitary  authorities  now  recognize  the  vital  necessity  of  provid- 
ing a  pure  source  of  municipal  or  private  water  supply.  Family  wells 
and  springs  can  safely  serve  but  a  small  proportion  of  the  population. 
The  urban  population  is  now  about  50  per  cent  of  the  total,  and  as  it 
grows  the  percentage  dependent  on  municipal  supply  will  increase. 
It  is  to  this  class  of  water  supplies  that  this  discussion  is  confined, 

SOURCES  AND  EFFECTS  OF  STREAM  POIiliUTION. 

SEWAGE    POLLUTION. 

As  the  wilderness  was  subdued  by  the  pioneer,  small  mills  and  towns 
were  established  on  lakes,  rivers,  and  streams.  By  cutting  the  forests 
and  draining  the  cultivated  and  settled  areas  the  character  of  the 
stream  flow  was  changed.  Forests  are  natural  reservoirs,  where  the 
rainfall  is  stored,  to  be  given  up  gradually.  Cultivation  and  drainage 
aid  in  producing  a  rush  of  water  to  the  streams  after  rains,  which  is 
followed  by  a  period  of  very  low  flow  in  a  dry  season.  The  villages 
ill  time  become  crities,  drawing  their  water  supply  from,  and  discharg- 
ing their  sewage  into,  the  near-by  stream.  This  source  of  pollution, 
in  connection  with  the  occasional  very  low  stream  flow  and  consequent 
slight  dilution,  has  been  the  cause  of  great  commercial  loss,  of  wide- 
spread disease,  and  of  death. 

'a 
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POLLUTION    BY    TRADE   WASTE. 

But  city  sewage  is  not  the  only  source  of  stream  pollution,  for  many 
industries  discharge  large  quantities  of  refuse,  called  "trade  waste," 
the  presence  of  which  in  sewers  and  streams  is  very  objectionable 
from  a  sanitary  point  of  view. 

On  the  continent  of  Europe  and  in  Great  Britain  this  subject  has 
received  considerable  attention.     The  English  rivers  pollution  act  of 
1876  treats  the  matter  at  considemble  length,  and  gives  city  authori- 
ties power  to  require  the  adoption  of  remedial  measures  by  offending 
factories.    In  the  United  States  the  necessity  for  legislation  restricting 
pollution  by  trade  waste  has  only  recently  arisen.     Among  the  States 
that  have  already  acted  upon  this  question  Massachusetts  stands  firsts- 

The  waste  from  industries  is  divisible  into  three  classes — ^anims^l' 
vegetable,  and  mineral  refuse,  though  many  factories  discharge  t^i«^^ 
and  even  all  three  kinds. 

In  the  first  class  of  waste  is  included  that  from  abattoirs,  packiim^ 
houses,  tanneries,  and  woolen  mills,  which  discharge  large  quantiti^'- 
of  animal  tissue  and  oil.  The  decomposition  of  this  matter  may  b^^ 
slow,  and  if  deposited  on  flats  it  causes  unpleasant  odors  and  attract"-- 
vennin.  If  afloat  in  such  quantities  that  the  dilution  is  not  sufficient:^- 
the  water  is  dangerous  for  house  use,  and  even  cattle  refuse  to  drink  it:- 

To  the  second  class  belong  the  quantities  of  vegetable  matter  whicK 
escape  from  distilleries  and  from  paper,  wood-pulp,  and  strawboarc^ 
mills — matter  for  which  no  present  economical  use  has  been  found. 

To  the  third  class  bclontif  th(*  wastes  from  oil  refineries  and  gjurr^ 
works,  which  run  ofl*  niinenil  oils  and  heavy  tars.  When  dischargecJ 
into  cit}'  s(*wei's  these  have  proved  very  objectiona))le,  and  when  dis-^ 
charged  into  sluggish  streams  they  lodge  on  shoals  and  flats  with  the? 
rise  and  fall  of  the  water  level,  coating  and  killing  vegetfition,  causing' 
unpleasant  odors,  and  fouling  (h(^  water  for  dairying  and  other  pur- 
poses. Tin-plate  and  rod  mills  and  galvanizing  and  plating  works  dis- 
charge large  (juantities  of  chemical  waste,  such  as  dilute  sulphuric  or 
hydrochloric  acid,  copper  sulphate,  and  sulphate  and  chloride  of  iron. 

Among  other  local  industries  that  produce  serious  nuisance  in  their 
vicinity  are  soap  fa(tori(\s,  factories  using  the  Solvay  ammonia  soda 
process,  and  white  lead,  paint,  varnish,  and  starch  factories.  Certain 
mineral  waters  used  foi*  curative  and  bathing  {purposes  and  the  drainage 
from  miiHvs  ujay  also  he  oflensive,  but  these  are  not  usually  amenable 
to  pollution  laws.  In  England  they  are  specitically  excluded  in  the 
rivers  pollution  act  of  IST*).  In  Pennsylvania  the  higher  courts  have 
passed  upon  a  case  involving  mine  drainage,  and  the  operators  were 
allowed  to  continue  the  natural  drainage  yf  the  mine. 

Theefl*ect  of  wastes  upon  the  condition  of  the  stream  depends  on  the 
relative  volumes  of  stream  and  of  waste,  th(*  strength  and  cJianicter 
of  the  polluting  material,  and  tlie  proximity  of  other  industries  or  of 
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cities  requiring  pure  water  and  of  agricultural  lands  and  residents 
who  might  declare  a  nuisance.  It  is  clear,  then,  that  no  general  rules 
can  be  laid  down,  but  that  each  case  of  pollution  must  be  decided  on 
its  own  merits. 

The  addition  of  quantities  of  organic  matter  to  a  stream  is  highly 
objectionable,  as  it  furnishes  food  for  the  rapid  nmltiplication  of  dis- 
ouse  bacteria  which  may  be  present,  and  it  niay  cause  a  nuisance  by 
slow  decomposition  by  deposit  upon  shoals,  tidal  shores,  and  flats. 
Besides  rendering  the  water  impotable,  abnormal  amounts  of  organic 
matter  cause  serious  damage  to  many  purifying  industries,  to  sugar 
factories,  meat-packing  houses,  and  canneries.  The  discharge  of  min- 
eral waste,  unless  very  highly  diluted,  hinders  the  natural  purification 
j  of  the  stream,  and  adds  substances  that  oxidize  slowly.  This  waste 
kills  fish  and  makes  the  water  distasteful,  foul  smelling,  and  dangerous 
even,  to  cattle,  thus  interfering  with  important  agricultural  interests 
and  increasing  the  menace  to  human  life. 

MANUFACTURE  OF  STRAWBOARD. 

This  report  is  confined  to  a  careful  stud}-  of  the  process  of  manufac- 
ture of  straw  board  (oi-  pasteboard,  as  it  is  commonly  called),  to  the 
character  of  the  refuse,  the  nature  of  the  pollution,  the  damage  pro- 
duced, and  the  possible  means  of  preventing  the  pollution. 

The  principal  factories  of  strawboard  in  the  United  States  are  con- 
fined to  a  comparatively  small  area.  In  the  report  of  the  United  States 
census  for  1900  5\)  factories  are  recorded  as  making  strawboard. 
From  157,534  tons  of  raw  material  the}^  produced  a  finished  product 
valued  at  $3,187,342.  Indiana  led  with  70,081  tons  of  board,  worth 
§1,350,636.  Ohio  ranks  second,  with  40,531  tons,  worth  $800,038,  and 
Illinois  is  third,  with  20,100  tons,  valued  at  $382,454.  New  York, 
Maryland,  and  Michigan  rank  next  in  order.  The  first  three  mentioned 
niake  83  per  cent  of  the  board  produced  in  the  United  States,  and 
Indiana  alone  produces  nearly  50  per  cent  of  the  total.  The  straw 
used  in  Indiana  cost  about  $3.0O  per  ton,  and  the  finished  product  was 
worth  about  $19  per  ton. 

The  strawboard  industry  does  not,  of  course,  include  the  manufac- 
ture of  wood  pulp,  sulphite  fiber,  or  jute. 

COMPOSITION  OF  STRAW. 

Strawboard  is  manufactured  from  rye,  wheat,  and  oat  straw.  In 
England  a  special  straw,  known  as  esparto  grass,  is  used  in  making 
paper.  Rye  and  wheat  straws  are  preferred,  as  they  yield  the  largest 
per  cent  of  cellulose — the  basis  of  all  vegetiible  fi])er.  The  chemical 
Wmula  for  cellulose  is  //(C^  1 1, „().).  The  composition  of  various  straws 
a«given  by  Muller,'^  a  (icrnian  authority,  is  as  follows: 

u  Jour.  Soc.  Chemical  Iniluslry,  February  iS,  \m\,  v-  ^^^- 
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[so.  J 13 


Winter 


Winter   |  Summer 
wheat.       barley. 


I'crcnit.  PvraiU.  >  Per  cad. 
14.3 
79.7 


Water 14.3  |  14.3 

Organic  consti  tueiitw 82. 5  j  HO.  2 

AhIi 3.2  ,  5.5 

(Vllulose 54. 0  I  48. 0 


43.0 


MTInter 
barley. 


14.3 

80.2 

5.5 

48.4 


OtttN 


Berocp.l. 

14.  :i 

8().: 

5.0 

40. 0 


rIaiDos  Bevcrod^o,  of  NorthHet^t  Paper  Mills,  Kent,  England,  gives ' 
the  following  results  of  analyses  of  stmws: 


Tahlk  2. — Coin fMuiit ion  o/HtraiVi*. 


I  Zealiiitd 
I    wheal. 


Duteh 
wheat. 


Duteh 
<)at«). 


1  /Vr«v/i/.  1*11' a  ut.  '  Pvmut. 

WatiT I        S.2  12.5         11.2 

I  I 

( )i*ganitr  coiwtitiH'iits 44.  2  43.  <i         4(5.  0 

Ash 1       lO.O  7.5           5.5 

Ci.'niilo.«i* I       37.  i\  'MS.  4          37.  3 


Dutch 
rye. 

7.H 
49.3 

1.8 
41.3 


Huuh 


47  ' 


:;4.^ 


In  tai)l(»  I  the  oioanic  constituents  inehide  eellulo.se;  in  table  2  tli* ' 
do  not.      Ill  the  hitter  the  cellulose  is  unhli^aehed. 

Kenjsen  ^/wvs  the  f()lh)wintr  perccMitagesof  cellulose,  the  stmws  heir  * 
in  th(*  air-drv  state.  Hy(»  stiaw.  ,M:  wlieat  straw,  4S;  oat  straw,  4< 
The  (litrcre!icc>  ai)pcariiig  in  tlie  ai)ove  tai)les  are  due  to  differences  f 
the  (l(*tiniti()n  of  (eMuhjse,  in  the  drvncss  of  tlie  materials,  and  in  tU 
various  methods  of  M»j)aration  (Mn|)h)y(»d.  I'hc  onhM*  of  the  coninicr 
cial  ratinji*  of  straws,  as  ^mncii  hy  the*  strawl)oai'd  companies,  is  a 
follows:  (1)  rye.  (-J)  winter  wheat,  (.*))  spi-iut--  wheat,  and  (4)  oat.  Tliei'^ 
is  ociiorally  reckoned  a  loss  of  about  4o  per  cent  hy  weight  from  tlu 
di-y  straw  to  the  linislied  hoard,  the  latter  containing  from  5  to  8  pei 
cent  of  moisture.  Variou>  factors  ent(M-  into  the  percentage  of  los.s. 
Straw  purchased  at  harvest  time  contains  a  largcu*  percent-age  of  mois- 
ture* than  it  contains  some  months  later.  The  loss  of  weight  from 
harvest  to  Christmas  time  amounts  to  almost  "17^  p(»r  cent,  says  an 
authority  in  the  dournal  of  the  Society  of  C'hemical  Industry.''  Stniw 
gi'own  on  light,  sandy  soils  has  a  much  Iowcm*  specific  gravity  than  that 
grown  on  heavy  clay  or  mixed  soils.  DitVerences  are  also  caused  ))v 
weather  conditions  at  harvest   time.      .\  wet   stiaw  <'auses  greater  los.s 

".I«»ur.  ><»<•.  riM-iiiical  huln>lry,  F«l»ru.iry  !'>.  isvM.  \k  UiI. 
/<F.»i  K«liriiiiry  2s.  I'.Hil.  p.  1 1^. 
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md  makes  :i  poorer  quality  of  board.  The  driest  material  comes  from 
that  in  the  lofts  of  Imifiis,  while  sti"aw  from  staekt^  is  usually  damp, 
[t  is  .stated  that  baled  straw  is  more  moist  than  loose  straw. 

Of  the  48  jKjr  cent  of  c^ellulosc  in  \vheat  stniw,  about  30  per  cent  is 
•?avod  by  pivsent  means  of  manufacture  of  8traw)x)ard.  The  machinery 
ind  methpiLs  employed  have  not  changed  materially  for  many  years, 
ind  there  seems  to  l>e  little  prospect  of  greater  economy  being  prac- 
ticed.    The  reasons  for  this  an*  discussed  later  in  this  paper. 

STEAMING  IN  ROTARIES. 

The  process  employed  in  the  United  States  is  as  follows: 
The  straw  is  first  su])]ected  to  a  cooking  pro<»ess  by  steam  and  lime. 
A  large  ellipsoidal  rotating  steel  boiler  called  a  ''rotary,"  shown  in 
PI.  I,  J,  is  tilled  with  straw,  which  is  then  cooked  down  with  steam, 
then  again  filled  and  cooked  down  until  the  rotary  boiler  has  been 
completely  filled.  The  process  of  filling  a  rotary  occupies  from  six  to 
twelve  hours.  The  final  charge  consists  of  about  6  tons  of  straw  and 
80  bushels,  or  2,100  pounds,  of  lime  in  the  form  of  milk.  This  mixture 
is  then  rotated  and  crooked  under  40  pounds  of  steam  pressure  for  twelve 
hours.  PI.  i,  A,  shows  the  steam  line  extending  through  one  of  the 
trunnions  and  the  worn)  gear  which  rotates  the  cylinder.  This  api>ar- 
ently  severe  chemical  and  mechanical  action  result,s  in  a  rapid  soften- 
ing of  the  woody  fiber  and  in  the  reduction  of  the  straw  to  a  dark- 
yellow,  pulp3'  mass.  This  '\stock,''  as  it  is  called,  is  stacked  in  piles 
10  to  15  feet  high  to  drain.  Conc(»rning  the  action  which  takes  place 
in  the  rotarie.s,  the  Journiil  of  the  Society  of  Chemical  Industry  says:" 

Th«»  olienncal  action  of  the  milk  oi  lime  on  the  enerustinK  materials  surroundinj? 
the  straw  fil)er  in  n(>t  a  vijrorous  one.  Tho.se  en<'rusting  materials  are  not  completely, 
nor  indet^l  to  a  jrreat  extent,  separatejl  from  the  cellulose.  The  mineral  matter 
remains  in  the  ])rcMliict  practically  nntoiichcd,  and  if  any  less  (piantity  than  that 
corresponding  to  th(»  penrentajre  in  the  orijj:inal  straw  o|H»rated  npf»n  exists  in  th(^ 
j)repared  pulp,  it  is  due  rather  to  the  washing?  after  dijr(»stion  than  to  any  solvent 
action  of  the  milk  of  lime.  Milk  of  lime  under  certain  conditions  has  a  hleachin^ 
action  ujxm  the  straw.  It  neutralizes  th«^  orjj:anic  acids  usually  found  when  fihrous 
})lantsare  heate<l  for  any  leii<rth  of  time  iii  the  ])reseiice  «>f  water. 

The  yield  of  pulp  at  this  point  will  be  from  75  to  SO  j)er  cent  of  the 
weight  of  the  original  material. 

PI.  I,  Ji^  shows  the  rotarics,  cliargc^d  from  the  lloor  above,  and  the 
elevators  that  cany  tli(»  stock  from  tlie  rotarics  and  dump  it  in  the 
piles  shown  in  the  fon^gronnd.  At  the  extreme  left  is  an  endless-chain 
elevator  which  carries  the  stock  to  the  beatc»r  room. 

The  material  is  allowcil  to  stand  in  thest*  j)iles  for  twenty-four  hours 
or  more  to  drain.  Aft(»r  it  is  thus  drain^nl  it  contains  about  .")0  per  <*ent 
of  water  and  from  (»  to  7  per  <'cnt  of  lime.  This  is  (Mjuivalent  to  frcmi 
1:^  to  14  per  cent  of  lime  in  the  dry  straw.     Since  the  original  charge 

ft  For  Ftrbrxmry  '2H,  1»M,  p.  101. 
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of  lime  and  stniw  wslk  in  tiio  pro]X)rtion  of  2,1(X)  pounds  of  lime  to 
14,1(M)  pounds  of  stniwiuui  linio,  oralMuit  14  percent  lime,  practically 
none  of  tho  lattor  has  dniincHl  out  with  the  condensed  steam.  This 
dniinu^e  from  the  stiK^k  {)il(*s  forms  but  a  small  part  of  the  waste 
sowa^o.  It  is  straw  coloivd  and  very  turbid,  carry ingf  a  small  quan- 
tity of  lilM»r  broken  tine  in  the  rotjiries. 

WASHING. 

This  ])r(K'ess  is  much  more  di*astie,  and  it  is  here  that  the  great 
volume  of  waste  is  prt)dueed. 

The  stock  is  run  throutrh  washing  machines  for  the  purpose  of 
removing  tlu»  lime.  A  row  of  washers  in  operation  is  shown  in  PI-  II,  A. 
At  the  left  is  the  chute  frc»m  the  conveyor  above,  down  which  the  stock 
is  fed.  To  the  right  of  the  chute  are  the  water  pipes.  The  washing 
machine  consists  of  an  oval  channel  about  3  feet  wide,  around  which 
the  stock  travels,  being  supplied  with  copious  volumes  of  water.  Aeros^s 
this  <*hanncl  is  placed  a  rylinder,  42  inches  in  diameter  and  42  inches 
long,  having  longitudinal  ribs  or  flangesaboutthrec-fourthsof  an  inch 
square  in  section  and  three-fourths  of  an  inch  apart.  Meshing  with 
this,  like  th(»  teeth  (»f  geared  whct^ls,  is  an  idler,  lielow,  of  similar  size 
and  form.  These  wheels,  revolving,  lift  the  water  and  straw  to  a  level 
several  inches  higher  than  that  in  the  oval  channel,  whence  it  flows  l>y 
gnivity  halfway  around  its  cours(»  (o  a  i>oint  where  it  meets  a  revolv- 
ing i)niss  seHMMi  of  tin<»  nie>li,  through  which  a  part  of  the  water  es(*ap<»s. 
cany  ing  with  it  (he  liner  |)}irti(les  of  tiberand  free  lime.  The  remain  in  jr 
straw,  with  iidditioiiai  voluin<'s  of  fresh  water,  now  passes  many  times 
through  the  rolK.  whieh  further  mash  and  break  the  ti))er,  and  around  to 
the  screen.  wlu»n»  more  straw,  lime,  and  water  escai)e.  The  total  waste 
is  enonnoii>.  It  now  takes  al)on(  lu.oon  irallons  of  water  to  wash  I  ton 
of  straw.  Aljout  ;J.'J<K>  pounds  of  straw  and  r)^)!)  pounds  of  lime  are 
re(|uired  to  make  2JM>0  pounds  of  board.  A  small  amount  of  liuie 
remains  in  the  board:  henct^  i,i'On  pounds  of  straw  and  al)out  r»00pounds 
of  lime  are  washed  out  by  (he  J(),on()  o-jiHons  of  water.  An  idea  of  the 
volume  of  wast(»  may  1m»  conveyed  by  giving  the  <'apacity  of  an  averajr^* 
mill.  Sucli  a  plant  u>es  i}ii  tons  of  straw  and  lu'arly  H)  tons  of  linie 
(luring  livery  twenty-four  hours.  From  l.noO,0(H>  to  2,000,000  gidlon< 
of  water  aiHMMuployed  in  the  roturies,  washers,  and  vats.  This  volume 
of  water  carries  away  with  it  about  10  tons  of  tlie  straw  and  pmcti- 
cally  all  of  th(»  Jo  tons  of  lime  each  twenty-four  hours. 

DRYING. 

After  the  washing  process  the  straw,  with  a  considerable  volume  of 
water,  is  led  to  a  train  of  rolls,  consisting  of  three  parts — first,  the 
wet  end;  second,  the  hot  rolls:  third,  the  trimming  and  cutting 
machine.     As  it  comes  from  the  washers  the  material  is  run  into  vats, 
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if»re  it  is  mixed  with  lar^e  (|uantities  of  water  and  pasned  over 
How  cylinders  having  tine  wire-cloth  faces,  which  allow  the  water 
escape,  leaving  the  liber  on  the  surface  of  the  cylinder.  ^The  fiber 
then  taken  by  woolen  felts,  which  are  pressed  down  on  the  surface 

the  cylinder.  This  makes  a  web  of  paper  on  the  felt.  The  pulp, 
lich  is  now  about  one-third  straw  and  two-tliirds  water,  travels  up 
d  down,  over  and  under  a  double  train  of  hot  rolls,  heated  by  steam 
it  is  carried  in  through  hollow  bearings.  As  the  pulp  passes  on 
rough  the  train  it  is  constantly  pressed  and  dried,  until  finally  it  is 
[Darated  from  its  cloth  support  and  goes  to  the  trinmiiug  machine, 
lere  it  is  cut  into  sheets  of  proper  size.  It  now  contains  about  10 
!•  cent  of  water  and  a  small  quantity  of  lime.  The  board  is  manu- 
i^tured  in  many  thicknesses  and  weiglits.     Just  before  it  is  trimmed 

may  l)e  coated  on  one  or  both  sides  with  a  thin  paper  facing  or 
iish. 

MF/niOD8  OF  BISI'OSAL  OF  WASTF. 

The  wjiste  liquors  from  the  rotaries  and  washers,  and  that  from  the 
is  where  it  is  not  used  over  again  in  the  washers,  are  run  together 
d  dist'harged  into  a  trough  or  ditch,  leading  in  some  cjise>i  to  a  neigh- 
►ring  stream.  The  effect  of  these  wastes  upon  the  stream  depends 
Hn\  its  chara<;tor  and  voUune,  As  many  Indiana  rivers  flow  over 
iiestone  l)eds,  their  water  is  hard,  carrying  15  to  20  grains  of  lime 
r  gallon.  But  the  waste  li(|uor  from  a  stmwboard  mill  contained  in 
0  case  a  minimum  of  6fJ  grains  per  gallon  (an  amount  which  has 
/entl}^  been  doul)led  by  a  decietise  in  the  (juantity  of  water  used), 
d  in  some  cases,  where  wash  wat(»r  is  not  pU^ntiful,  the  quantit}*^  of 
le  reaches  200  or  more  grains  \wv  gallon.  In  order  to  reduce  the 
antity  of  lime  to  4<)  grains  pi^r  gallon  the  minimum  stre^un  flow 
mid  need  to  be  about  ten  tini(»s  the  volume  of  water  employed 
the  process.  This  would  rcMjuire  a  stream  that  discharged,  in  time 
drought,  from  10to2(i  million  gjillons  in  twenty -four  hours.  This 
lits  the  number  of  streams  upon  which  such  mills  can  be  operated 
the  present  manner  without  luiisance,  to  a  few  rivers  in  each  State. 
On  account  of  the  dealing  of  forests,  artificial  drainage,  and  irreg- 
irities  of  rainfall  the  flow  of  Indiana  tributaries  becomes  extremely 
V  in  the  late  summer  and  fall.  Souk*,  indeed,  cease  to  l)e  more  than 
►lated  ponds,  the  water  seeping  through  the  gravel  beds.  Under 
3se  circumstances,  if  not  luider  noiinal  conditions,  the  discharge  of 
idge  into  a  stream  produces  results  that  demand  very  serious  <*on- 
ieration.  Tlie  straw  wast(»,  when  deposited  on  flats  from  which  the 
iter  has  receded,  di'c()iii])()ses  very  slowly,  its  decay  lieing  in  pail 
tarded  by  the  presence  of  liiuij  and  silica.  Remsen  says  that  as 
ich  as  73  per  cent  of  the  ash  of  wh(»at  straw  is  silica.  As  the  analy- 
i  given  in  table  4  (p.  27)  show,  the  cpiantity  of  ammonia  present 
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in  the  waste  is  very  large,  and  this  is  undoubtedly  the  principal  cause 
of  the  very  slow  decomposition. ' 

At  some  places  the  solid  part  of  the  waste  has  been  heaped  on  large 
ti*acta  of  Fand.  In  these  cases  the  stench  produced  has  been  carried 
by  the  wind  for  a  considerable  distance,  causing  a  nuisance. 

Mr.  Sweeney,  commissioner  for  fisheries  and  game  for  Indiana,  in 
his  biennial  report  for  1901  and  1902,  speaking  of  the  conditions  which 
tend  to  destroy  fish,  says,  on  page  11: 

Greater  than  aU  other  artificial  means  is  the  pollution  of  our  atreams  with  the 
refuse  from  strawboard  mil  In,  oil  wells,  and  palp  mills.  This  lefoae  covers  the 
spawning  beds  and  prevents  the  eggs  from  hatching,  while  it  peoetratoa  the  gills  of 
the  living  fish  and  kills  or  drives  them  from  the  streams. 

The  quantity  of  lime  would  in  some  cases  be  such  as  to  kill  the  fish 
if  the  straw  did  not.  Game  fish  arc  not  to  be  found  in  polluted  waters. 
Thus  the  interests  of  the  State  enter  into  the  question  of  stream  pollu- 
tion by  strawboard  mills. 

In  other  cases  the  method  of  disposal  has  been  modified  by  running 
the  waste  into  a  series  of  beds  scooped  out  of  a  gravel  bottom  land. 
Here  the  straw  and  lime  slowly  settle,  the  water  filtering  through  the 
subsoil  and  finding  its  way  to  the  neighboring  creek.  But  the  great 
quantit}"^  of  straw  waste  soon  clogs  such  natural  filters  as  have  been 
tried.  High  water  is  depended  on  to  wash  the  refuse  out  of  the  beds, 
whence  it  is  deposited  on  other  lands  below;  so  that  the  method  is 
only  a  makeshift. 

What  a  carofuUy  constructed  settling  and  filtering  plant  may  acconi- 
plisli  htis  not  yet  been  clcterniined.  During  the  summer  of  1903  the 
American  Strawboard  Company  built  at  one  of  its  factories  a  series 
of  basius,  shown  in  PI.  II,  /?,  PI.  Ill,  and  tig.  I.  liasins  Nos.  1  to  5, 
fig.  1,  avcmgc*,  an  acre  each,  while  No.  i>  is  about  2  aci*es  in  area, 
levees  from  4-  to  iy  feet  high  were  built,  so  that  the  basins  could  be 
filled  to  a  depth  of  about  5  feet.  From  the  old  ditch  which  is  shown 
in  fig.  1  a  spout  was  constructed  to  conduct  the  waste  into  basin  No.  1. 
From  this  basin  it  flows  diagonally  to  a  weir  at  the  op|Kxsite  corner, 
where  it  enters  basin  No.  2.  The  flow  is  diagonally  across  each  basin 
to  the  next  in  order  through  the  series,  to  No.  5  or  No.  6.  From 
basin  No.  5  a  gate  leads  to  filter  No.  I,  and  from  basin  No.  6  a  similar 
gate  leads  to  filter  No.  2.  These  filters  have  lines  of  8-inch  tile  laid  25 
feet  apart  and  covered  with  2  feet  of  gravel.  The  underdrains  lead 
to  the  open  ditch  between  the  two  filters.  Each  })asin  has  a  gate  lead- 
ing to  the  river,  so  that  the  waste  can  be  run  through  any  numl>er  of 
settling  basins  and  then  into  the  river  or  through  the  filters.  The 
waste  was  turned  into  basin  No.  1  in  the  early  summer.  When  it  had 
filled,  the  overflow  ran  into  basin  No.  2,  and  so  on,  basin  No.  6  l>eing 
filled  in  late  summer. 
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It  seems  inevitable  that  in  time  there  will  be  a  large  deposit  of  straw 
and  lime,  which  will  have  to  be  scraped  off  the  basins  and  filters  and 
carted  away.  Seepage  through  the  walls  and  bottoms  of  the  basins 
will  decrease  and  the  filters  will  clog  until  the  efficiency  has  reached  an 
unsatisfactory  point.    The  period  of  time  which  will  elapse  before 


Fi(}.  1.— Plan  of  strawboArd  settling  basin. 

this  condition  arises  and  the  effectiveness  of  months  of  sedimentation, 
with  or  without  filtration,  will  not  be  known  until  a  season  has  passed. 
At  one  of  it«  plants  the  American  Strawboard  Company  used  a 
trough-shaped  device  for  separating  the  fine  straw  from  the  waste 
water.     A  vat  lO  feet  long  was  constructed,  the  end  view  of  which 
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was  practically  an  equilateral  triangle.  The  waste  as  it  came  from 
one  of  the  washers  was  discharged  into  this  vat,  so  that  the  water 
started  downward,  then  turned  upward  through  a  screen,  leaving  the 
straw  to  continue  downward.  The  screens  clogged  in  the  course  of 
time  and  had  to  be  cleaned  by  hand.  The  vat  held  about  7,000  gallons 
and  treated  70,0(X)  gallons  in  twenty-four  hours. 

As  the  waste  passed  from  the  washers  to  the  vat  the  analysis  was  as 
indicated  in  the  first  column,  and  the  analysis  as  the  water  came  from 
the  vat  is  recorded  in  the  second  column. 

Analyses  of  strawboard  vxtste  before  and  after  passing  from  washers  to  tfai, 
[In  parts  per  100,000.] 


Before. 

After. 

Suspended  matter: 

Orcanit^  matter 

565.7 
393.1 

188.6 

Inorganic  matter 

123.3 

Total  residue 

958.8 

312.5 

Total  solids: 

Organic  matter 

1,294.5 
661.8 

528.5 

Inorganic  matter 

244.3 

Total  residue 

1,956.3 

772.8 

(^iil(Miim               .                    .. 

510. 5 

2(H.8 

It  will  Ik»  8(hmi  that  the  vat  roniovos  alnnit  66  per  cent  of  the  sus- 
pended in{itt(M-.  The  hittei*  is,  lu)W(»ver,  al)n()rmall3'  high,  and  the 
effluent  still  contains  812.5  parts  per  1()(),0()() -live  to  ten  times  what 
it  should  before  passing  to  a  stream.  Increasing  the  size  of  vat  and 
decreasing  the  rato  of  flow,  with  some  changes  of  design  in  order  to 
emphasize  the  upward-tlow  principle,  might  lead  to  a  design  which 
would  be  sufficient  where  the  stream  How  and  dilution  were  high. 

No  bacterial  treatment  such  as  is  employed  in  the  purification  of 
sewage  will  avail  in  this  case,  as  the  treatment  with  lime  and  steam 
in  the  rotaries  destroys  all  the  bacteria  present.  A  considerable  period 
must  elapse  for  the  cultivation  of  such  organisms. 

KXPKKIMEXT8  OX  DISPOSAT.  OF  WASTE. 

To  determine  the  possibility  of  other  and  more  efficient  methods  of 
disposal  than  those  just  outlined,  the  author  was  appointed  to  take 
charge  of  a  series  of  experiments  on  strawboard  waste  and  to  report 
their  results  to  the  United  States  Geological  Survey.  His  instructions 
were  to  study  the  process  of  manufacture,  analyze  the  waste  liquor, 
and  find  the  efficiency  and  cost  of  various  methods  of  disposal,  in  order 
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that  some  recommendation  might  be  made  to  the  authorities  or  to  the 
manufacturers  when  circumstances  should  demand  a  change  in  the 
method  of  disposal. 

The  expense  is  a  very  important  item,  as  it  is  easy  to  find  a  method 
of  treatment  by  which  the  waste  can  be  purified,  but  the  cost  would 
prevent  the  operation  of  the  mill.  Other  methods  will  clarify  the 
waste,  but  leave  the  water  extremely  hard,  thus  accomplishing  but 
half  the  purpose.  Theoretically,  the  liquid  which  eventually  flows 
into  the  stream  ought  not  to  be  harder  than  the  normal  stream— a  con- 
dition extremely  difficult  to  fulfill  by  commercial  methods.  Likemse, 
the  total  solids  should  not  be  above  an  average  amount  contained  in 
natural  waters. 

METHODS  OF  PURIFICATION. 

There  are  three  general  methods  of  treatment  for  the  purification  of 
polluted  water — sedimentation,  filtration-,  and  chemical  precipitation. 

SEDIMENTATION. 

This  process  consists  of  letting  the  liquid  stand  for  a  period  of  time 
long  enough  to  allow  the  matter  held  in  suspension  to  settle  to  the 
bottom.  There  is  no  chemical  action  involved,  but  since  organic  as 
well  as  inorganic  matter  may  be  settled,  future  chemical  changes  are 
possible.  The  hardness  or  acidity  will  not  be  changed.  The  rapidity 
and  efficiency  of  the  process  depend  on  the  specific  gravity  of  the  sus- 
pended matter.  Silt  will  settle  quickly,  and  this  process  is  frequently 
used  to  remove  such  objectionable  material  from  water  supplies. 

In  the  case  of  strawboard  wastes,  the  particles  of  straw  are  so  fine 
and  the  specific  gravity  is  so  slightly  above  unity  that  the  downward 
motion  is  very  slow.  A  jar  10  inches  high  will  settle  about  10  per 
cent  of  its  solid  matter  in  twenty-four  hours.  In  twenty-four  hours 
more  the  change  is  very  slight.  At  the  end  of  twenty-four  hours, 
color,  turbidity,  odor,  and  taste  are  about  the  same  as  before  such 
treatment.  The  storage  capacity  required  for  twenty-four  hours'  set- 
tling would  be  twice  the  capacity  of  the  mill.  To  settle  forty-eight 
hours  reservoirs  that  would  contain  three  times  the  volume  of  refuse 
would  be  required,  and  so  on.  From  2,000,000  to  4,000,000  gallons' 
storage  would  be  needed  for  such  treatment. 

Even  with  still  longer  periods  of  sedimentation  the  hardness  would 
remain  practically  unchanged,  as  the  only  lime  precipitated  would  be 
due  to  the  COj  absorbed  from  the  atmosphere. 

FILTRATION. 

The  process  next  to  be  described,  and  one  now  very  frequently  used 
in  the  purification  of  water  supplies  and  of  sewage,  is  filtration.  The 
water  is  allowed  to  pass  slowly  through  a  bed  of  chatcodX^^QV^^^lxxtT^^Rj^ 
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slag,  or  sand.  The  process  is  partly  a  screening  one,  but  under  proper 
conditions  a  very  efficient  bacterial  action  takes  place,  in  which  the 
healthful  bacteria  assist  in  reducing  the  organic  matter  to  its  constit- 
uent elements.  BaeiUys  coli-cofumnnis — the  biological  index  of  sew- 
age pollution — disappears,  and  not  only  suspended  matter  but  the 
amount  of  chlorine  is  reduced,  and  the  number  of  bacteria  per  cubic 
centimeter  is  decreased  by  from  95  to  99  per  cent  of  the  number 
present  in  untreated  water. 

There  are  two  kinds  of  filters,  mechanical  and  slow  sand  filters.  In 
the  former  the  rate  of  flow  is  higher  and  frequent  cleansing  is  nece:^- 
sary,  while  in  the  sand  bed  the  rate  of  filtration  is  much  le^^  and  the 
filter  purifies  itself  in  part  while  resting  or  while  in  action.  If  the 
surface  becomes  clogged,  occasional  rakings  are  necessary  in  order  to 
remove  the  clogged  surface  and  restore  it  to  its  normal  state. 

CHEMICAL    PKECU'ITATION. 

In  this  process  the  li(|uid  is  treated  with  a  previously  determined 
(luantity  of  some  chemical  which  will  cause  a  reaction  involving  the 
production  of  a  solid  in  the  form  of  grains  or  flakes.  As  the  precipi- 
tant has  a  specific  gravity  greater  than  water,  it  falls  and  drags  down 
with  it  other  solids.  The  rapidity  of  its  action  depends  on  the  proper 
proportioning  and  mixing  of  the  agents  employed  and  on  the  weight 
of  the  particles  and  their  size.  A  flocculent,  heav}^  precipitate  rap- 
idly carries  down  with  it  a  large  proportion  of  the  organic  and  inor- 
ganic matter  that  has  }>eeii  held  in  suspension. 

Such  pr()cess(\s  are  usually  continuous;  the  Huid  to  l>e  treated  and 
the  reagent  an*  automatically  mixed  jiiid  fed  in  tit  the  l>ottom  of  the 
tank,  the  current  })eing  upward.  The  ])uriHed  litpiid  is  taken  from 
the  top  of  the  tiink  and  the  precipitated  sludge  is  drawn  from  the 
l>ottoni.  Certain  limitations  have  been  found  in  the  successful  oper- 
ation of  the  upward-flow  principle.  Hans  Henedikt,  in  Die  Abwasser 
der  Fal)riker  (Tnide  Waste),  states  that  the  normal  downward  velocity 
of  suspended  matter  in  still  water  nmst  be  at  least  2  millimeters  per 
minute.     He  also  says: 

If  it  ])e  (IcsinKi  to  fHjrfectly  clarify  by  deixisition,  on  the  upward  continuous  flow 
principle,  water  which  is  naturally  charged  with  suspended  matter,  or  by  the  addi- 
tion of  prccipitants,  a  transverse  section  of  more  than  0.002  x  60  =  S.33  square 
meters  is  re(]uired  to  obtain  1  cubic  meter  per  hour  of  clear  water,  in  oriier  that 
the  upwanl  velocity  of  the  water  may  lx»  less  than  the  downward  velocity  of  the 
I>articles. 

The  chcMuicals  most  frequently  emploj^ed  in  w^ater  purification  are 
alum,  sulphate  of  iron,  lime,  copperas,  and  combinations  of  these.  It 
is  very  important  that  the  proportion  of  coagulant  be  always  correct, 
else  either  the  action  is  not  completed  or  unnecessary  waste  results 
from  overcharging. 


i^aL«TT.J  METHODS   OF  PUBIFIOATIOW.  21 

GOAOULANTB  UsBD. 

The  series  of  investigations  was  begun  by  using  small  quantities  of 
WHste  liquor — from  50  to  100  cubic  centimeters — and  trying  the  effects 
3f  various  chemicals  in  different  quantities. 

ALUM. 

The  effect  of  alum  was  rapid,  showing  that  it  is  a  very  satisfactory 
cMmgulant.  The  liquid  was  left  slightly  turbid  and  with  some  odor. 
The  hardness  was  not  affected.     The  chemical  action  was  as  follows: 

3CaO,H,-fAl^(S04),H-K,SO,-}-24H,0=3CaS04-fAlAH8-fK^04+24H,0. 

The  quantity  of  alum  is  to  the  quantity  of  calcium  oxide  as  948  is 
to  168.  About  112,000  pounds  of  alum  is  needed  daily  to  treat  waste 
water  containing  19,800  pounds  of  lime  and  straw. 

The  usual  process  for  producing  alum,  or  sulphate  of  alumina,  is  to 
treat  the  mineral  bauxite  with  sulphuric  acid.  In  England  some  mills 
have  found  it  very  cheap  to  make  the  necessary  quantity  in  their  own 
plant.  The  resulting  cake,  according  to  Naylor  in  Trade  Waste,  page 
21,  is  36  per  cent  sulphate.  The  cost  is  $4.70  per  short  ton  of  prod- 
uct or  $13.40  per  ton  of  pure  sulphate. 

In  the  United  States,  on  account  of  the  excessive  cost  of  bauxite 
and  sulphuric  acid,  commercial  sulphate  57  per  cent  pure  will  cost 
about  $16  per  ton  delivered,  or  $28  per  ton  of  pure  sulphate  delivered. 
The  daily  expense  for  56  tons  would  be  $1,568.  This  cost  of  partial 
puriticution,  omitting  other  items,  would  absolutely  prevent  the  opera- 
tion of  any  mill  consuming  50  tons  of  straw  a  day. 

Not  onl}^  is  the  expense  objectionable,  but  the  quantity  of  lime  in 
the  water,  making  the  water  permanently  hard,  nmst  be  reduced,  else 
the  process  is  not  satisfactory. 

8ULPHATE   OF    IRON. 

Ferrous  sulphate  is  used  in  water-purifying  processes,  giving  a 
dark-brown  precipitate.  The  action  is  rapid  and  the  clarification  sat- 
isfactory. The  use  of  one  atom  of  iron  for  each  molecule  of  calcium 
oxide  present  in  the  water  produces  the  following  reaction: 

C^aOaH,  i  Fe804=C^aS(),fFeO,H,. 

When  the  proper  amount  of  ferrous  sulphate  is  added  to  100  cubic 
centimeters  of  strawboavd  liquor  the  precipitation  is  almost  instanta- 
neous, and  in  five  minutes  the  solid  portion  lies  at  the  bottom  in  a 
brownish  cjike.  The  liquid  above  is  very  clear,  having  only  a  slight 
greenish  tinge. 

Since  a  daily  output  of  19,800  pounds  of  lime  is  assumed  as  a  work- 
ing basis,  in  order  to  make  the  comparison  of  cost  apply  to  a  particu- 
lar mill  19,800  pounds  of  iron  would  be  needed  and  34,700  pounds  of 
sulphuric  acid. 
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The  proper  process  would  be  to  treat  scrap  iron  with  sulphuric  acid 
in  a  reservoir.    The  expense  would  be — 

19,800  pounds  iron,  at  $7.50  per  ton  of  2,000  pounds $73 

34,700  pounds  sulphuric  acid  (H^4),at  $12  perton 208 

Cost  of  treatment 283 

The  same  objections  apply  to  the  use  of  sulphate  of  iron  as  to  alum. 
The  expense  is  too  great,  and  lime  remains  in  the  form  of  CaSO,, 
which  leaves  the  permanent  hardness  very  high. 

Instead  of  using  sulphate  of  iron  as  above  produced,  the  crude  sul- 
phate, coppei-as,  a  by-product  of  certain  processes,  can  be  employed. 
It  is  25.9  per  cent  ferrous  oxide  and  28.7  per  cent  sulphur  triox- 
ide  (SO3).  Roughly,  4  tons  of  copperas,  at  $9  per  ton  delivered, 
would  treat  1  ton  of  lime.  For  19,800  pounds  of  lime  nearly  40  tons 
of  copperas  would  be  required,  at  a  cost  of  $360  daily.  While  this 
process  would  bo  more  economical  than  the  use  of  sulphate  of  iron, 
when  all  items  of  expense  are  figured,  still  the  cost  is  excessive  and 
the  process  impossible  as  a  general  treatment  for  all  the  waste  from 
a  strawboard  mill. 

LIMK. 

Lime  is  one  of  the  most  common  coagulants  used  in  clarifying  drink- 
ing waters.  The  usual  stream  carries  a  small  amount  of  carbon 
dioxide,  which  combines  with  from  5  to  10  grains  of  calcium  oxide  to 
form  calcium  (•ar})onat(s  which  precipitates  in  fine,  whit«  particles, 
dragging  down  sucli  organic  Jind  inorganic  solids  as  may  bi*  held  in 
suspension. 

This  process  fails  in  treating  stmw})oard  refuse  because  the  liquor 
is  already  many  times  ov(»nharged  with  lime,  })y  a  part  of  which  the 
little  CO.^  that  was  in  t\w  water  has  })een  greedily  used  and  the  remain- 
ing lime  is  s(M^king  more.  The  addition  of  milk  of  lime  does  not  pro- 
duce perceptil)le  action. 

CARBON    DIOXIDK. 

The  facts  a})ove  mentioned  hd  at  once  to  the  conclusion  that  ciirbon 
dioxide  must  be  fed  to  the  waste  liijuor.  On  applying  the  computed 
amount  of  CO^,,  it  was  found  that  l)ut  little  precipitation  actually 
occurred.  The  reason  for  this  may  Im*  stated  as  follows:  (1)  CaO+ 
H.^O=Ca(\Ho,  or  the  lime  in  the  waste  licjuor  is  in  the  form  of  calcium 
hydroxide.  (2)  On  applying  CO,,  CaO,H,+C(),=CaC03+II,0,  pre- 
cipitation by  COo,  occurs;  l)ut  at  the  same  time  the  lime  is  redissolved, 
as  follows:  (8)  CaCO,+ILO+CO,=  n,Ca(CO,),,  making  a  bicarbonate 
of  lime.  No  precipitation  has  yet  occurred.  But  if  to  the  double  car- 
bonate of  lime  we  add  milk  of  lime  the  following  action  takes  place: 
(4)  ll,Ca(C^03)2+CaO,H,  =  2CaC03-h2H,0.  Reprecipitation  now  takes 
place,  carrying  down  the  straw  and  calcium.  The  flakes  are  very  large 
and  the  downward  velocity  is  exceptionally  rapid.     In  five  minutes  the 
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liquor  has  cleared  at  the  top  and  in  twenty  minutes  the  process  is 
completed. 


CARBON  DIOXIDE  AND   MILK  OF  LIMS. 


As  above  indicated,  it  is  not  sufficient  to  apply  limewater  or  carbon 
dioxide  alone,  but  upon  first  saturating  the  liquor  with  CO,  and  then 
supplying  the  proper  amount  of  milk  of  lime  the  result  is  very  satis- 
factory. It. will  be  observed  that  not  only  is  the  straw  removed,  but 
the  water  comes  out  soft;  that  is,  the  calcium  also  is  removed.  None 
of  the  previous  treatments  will  precipitate  the  lime. 

It  is  observed  that  the  amount  of  CO,  required  for  the  previous 
reactions  is  two  molecules  per  atom  of  calcium  in  the  waste  liquor. 

From  (4)  it  appears  that  the  amount  of  calcium  added  as  milk  of 
lime  equals  the  amount  present  in  the  waste  liquor.  Assuming  that 
the  finished  strawboard  does  not  contain  more  lime  than  is  in  the  river 
water  used,  there  are  needed  19,800  pounds  of  lime  as  precipitant. 

The  following  analyses,  made  by  E.  J.  Macy  under  the  dii*ection  of 
Prof.  W.  D.  Collins,  at  E^rlham  College,  will  present  the  important 
facts  in  concrete  form: 


Table  3. — Rmdue  contained  in  strawboard  tvoMe  liquor. 
[In  grama  per  100,000  cubic  ccntimetere.] 


Total  residue 

Combustible  residue 
Absolute  residue  . . . 


Raw  liqw)r. 


Qram$. 
293.66 
134.63 
159.  03 


After  precipitation  with 
COs  and  milk  of  lime. 


Filtered  af- 
ter Rettling 
1  hour. 


Qram». 

137.59 
65.63 
71.50 


Filtered  af- 
ter settling 
24  hours. 


OrcoM. 
33.326 
31.250 
1.800 


The  absolute  residue  is  a  white  powder,  principally  calcium  oxide. 

The  above  results  were  obtained  by  treating  350  cubic  centimetei^ 
in  a  tube  seven-tenths  of  a  meter  high.  This  form  was  chosen  in 
order  to  approximate  the  depth  of  tank  which  might  be  employed  on 
a  larger  scale.  The  proportions  of  height  to  cross  section  were  not 
those  which  would  be  used  commercially,  and  hence  the  fall  of  par- 
ticles was  hindeicd  much  more  by  friction  against  the  sides  of  the 
vessel  than  they  would  have  been  in  a  larger  container.  After 
settling  one  hour,  53  per  cent  of  the  total  solids  are  removed  and  55 
per  cent  of  the  absolute  residue,  principally  lime.  After  settling 
twenty-four  hours,  89  per  cent  of  the  total  solids  are  removed  and  98.8 
per  cent  of  the  absolute  residue. 
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Fig.  2.— Carbon-dioxide  dlHtributor, 


EXPERIMENT  STATION. 

A  light  structure,  8  by  12  feet  in  plan  and  14  feet  high,  with 
three  stories  or  platforms,  was  ei'ected  on  the  grounds  of  Elarlham 
College,  Richmond,  Ind.,  for  the  treatment  of  strawboard  waste  in 

larger  quantities.  The  filters  were  on 
the  lower  platform  and  were  provided 
with  sewer  connection.  Above  the  plat- 
form was  the  barrel  in  which  the  precipi- 
tants  were  added  to  a  given  quantity  of 
liquor.  On  the  upper  platform  was  the 
limewater  and  a  tank  for  generating  gas 
under  sufficient  pressure  to  force  it 
against  a  head  of  3  feet  of  water. 

The  gas  tank  consisted  of  a  steel  cylin- 
der with  a  screw  top  closing  on  a  gasket 
A  valve  connection  was  made  at  the 
upper  end  and  a  standpipe  by  which  to 
add  acid.  The  tank  was  charged  with  a 
quantity  of  limestone.  Then  the  proper 
amount  of  hydrochloric  acid  was  turned 
down  on  the  limestone  from  a  reservoir 
within  the  tank.  The  quantity  of  acid 
was  made  sufficient  to  generate  and  to 
deliver  to  the  wjiste  the  required  amount  of  COj.  A  charge  of  35 
gallons  of  waste  as  fresh  as  could  be  obtained  was  saturated  with  COg, 
the  gas  being  distributed  through  the  waste  by  means  of  holes  in  a  coil 
of  lialf-ineh  gas  pipe  placed  near  the  })ott()ni  of  the 
tank.  (See  tig.  2.)  The  eoil  could  be  raised  or 
lowered,  and,  as  was  expected,  the  best  results  were 
obtained  with  the  gas  distributor  as  low  as  possible. 
The  limewater  was  discharged  through  perfo- 
rated pipes,  shown  in  Hg.  3,  radiating  from  a  central 
vertical  main.  The  ho\os  wove  arranged  in  such 
manner  as  to  cause  a  swirl  of  the  waste,  which 
produced  a  very  thorough  mixture. 

The  order  of  procedure  was,  tirst,  to  measure  a 
certiiin  amount  of  waste  in  the  calibmted  precipi- 
tation tank;  second,  to  charge  the  gas  generator, 
which  delivered  the  proper  amount  of  CO.^  in  about 
ten  minutes,  and  to  apply  the  limewater — about  5 
gallons.  The  resulting  action  was  immediate.  A 
heavy  cloud  of  large  particles  formed  and  began  a 
descent  which  indicated  a  specific  gravity  much 
larger  than  unity.  The  surface  began  to  clear  at  once,  and  after  settling 
from  five  to  thirty  minutes  the  process  of  siphoning  the  clarified  liquor 
onto  the  filter  below  was  begun. 


Fio.  3.— Milk-oMIme  dte- 
tributor. 
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The  filters  consisted  of  barrels  filled  with  varying  quantities  of 
coarse  gravel,  fine  gravel,  and  sand.  These  were  operated  at  different 
rates,  and  the  efficiencies  were  determined  from  analyses.  Samples  of 
the  effluent  and  of  the  filtrate  were  taken  from  each  barrel,  and  the 
results  are  recorded  in  table  4  (p.  27).  These  samples  were  taken  when 
about  one-half  of  the  barrel  had  been  treated.  Five  gallons  of  sludge 
were  left  in  the  bottom  of  the  precipitation  tank.  This  was  a  thick, 
sirup-like  mass  of  dark-yellow  straw,  slightly  whitened  by  the  excess 
of  lime  that  was  sometimes  present  when  a  surplus  of  milk  of  lime 
was  used. 

Two  molecules  of  carbon  dioxide  are  required  for  each  molecule  of 
lime  present.  The  strawboard  company  reported  that  2,000,000  gal- 
lons of  water  were  used  to  carry  away  the  19,800  pounds  of  lime 
wasted.  This  is  equivalent  to  66  grains  per  gallon,  or  about  100 
parts  per  100,000.  The  quantity  of  COj  needed  was,  presumably, 
200  parts  per  100,000  of  waste. 

An  amount  of  lime  should  be  added  equal  to  that  present  in  the 
waste,  or  the  total  lime  thrown  down  should  be  about  200  parts  per 
100,000.  As  shown  in  table  3  (p.  23),  the  absolute  residue  in  one  sample 
of  untreated  strawboard  waste,  taken  at  random,  was  159.13  parts  per 
100,000,  showing  an  increase  of  50  per  cent  in  tlie  proportion  of  lime. 
There  is  some  variation  in  the  quantity  of  lime  vised,  depending  on 
the  quality  of  the  straw,  and  a  still  greater  range  in  the  volume  of 
water  wasted. 

A  standard  treatment  was  decided  upon,  in  which  the  proportions 
were  2(X)  parts  of  COg  aiid  5  gallons  of  limewater  (or  about  150  parts 
of  lime)  to  100,(X)0  parts  of  waste.  The  color  of  the  solid  matter 
thrown  down  showed  that  the  precipitants  were  sometimes  used  in 
excess. 

DESCRIPTION  OF  EXPERIMENTS. 
SINCJLE    BARREL   TESTS. 

Tests  were  first  made  by  single  barrels,  in  the  manner  and  with  the 
results  shown  below: 

Barrel  No,  L 

Thirty  gallons  of  waste. 

Carbon  dioxide  equal  to  200  parts  per  100,000. 

Five  gallons  of  limewater. 

Stirred  and  allowed  to  settle  thirty-five  minutes. 

Siphoned  30  gallons  off  in  thirty  minutes  onto  filter  composed  as 
follows:  A  barrel  with  \)  inches  of  very  coarse  gmvel  in  the  bottom; 
then  5  inches  of  gravel  from  one-fourth  to  1  inch  in  diameter;  next,  10 
inches  of  coarse  sand,  and  finally,  on  top,  7  inches  of  fine  washed  sand, 
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The  area  of  the  surface  of  the  filter  was  4.60  square  feeft,  or  about 
one  nine  thousand  six  hundred  and  eightieth  part  of  an  acre. 

The  rate  of  filtration  was  about  13,000,000  {gallons  per  acre  dafly, 
which  was,  of  course,  too  fast  to  accomplish  much.  Both  filtnfee  ud 
efiluent  were  colored,  strong  in  taste,  and  smelled  of  lime.  NosampleB 
were  taken. 

Barrd  No.  9. 

Thirty-five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater  (milky). 

Settled  twenty  minutes. 

Siphoned  30  gallons  onto  filter  in  1  hour  and  62  minutes. 

The  precipitated  matter,  4  inches  deep,  was  light  yellow.  Free 
lime  present.    Sample  after  precipitation  60  per  cent  cleaner. 

The  efiluent  was  still  clearer,  with  bitter  taste  and  some  odor,  and 
was  still  yellow  color. 

Filtration  was  at  the  rate  of  about  3,500,000  gallons  per  acre  daily, 
which  removed  about  16  per  cent  of  the  lime  that  came  to  it  (see 
sample  2,  table  4). 

Barrel  No.  3. 

Thirty-five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater. 

Fourteen  minutes  to  charge  with  gas. 

Settled  six  minutes. 

Time  of  filtration,  two  hours  and  twenty  minutes. 

Rate  of  filtmtion,  2,780,000  gallons  a  day. 

Filti>r,  9  inches  of  coarse  gravel  in  Iwttom,  2  inches  of  fine  gravel, 
16^  inches  of  fine  washed  sand  on  top. 

The  liquor  from  precipitation  tank  showed  244.18  parts  per  100,000 
of  lime.  After  filtnition  it  showed  177.68  part^.  Efficiency  of  filter 
equals  27.6  per  cent.     Color  and  taste  noticeable. 

Barrd  No.  If.. 

Thirty-five  gallons  of  strawboard  waste. 

Carlx)n  dioxide. 

Five  gallons  of  limewater. 

Took  seventeen  minutes  to  charge  with  carbon  dioxide. 

Settled  six  minutes. 

Time  of  filtration,  three  hours  and  forty -five  minutes. 

Rate  of  filtration,  1,730,000  gallons  i>er  acre  daily. 

Filter,  2  inches  of  very  coarse  gravel  in  bottom,  2  inches  of  gravel, 
then,  on  top,  22  inches  of  medium  washed  sand,  which  passed  sieve  of 
one-eighth  inch  mesh. 


SACK  BIT.] 


EXPEBIMENT8   IK   PUBIFIOATION. 


27 


It  will  be  noticed  in  sample  4,  table  4,  that  the  efSuent  from  the 
precipitation  tank  contained  only  85.12  parts  of  lime  per  100,000,  or 
about  one-third  that  found  in  the  previous  cases  and  about  53  per  cent 
of  the  absolute  residue  in  the  untreated  sample  of  table  3.  It  is  certain 
that  more  than  50  per  cent  of  the  absolute  residue  was  removed  by  the 
process  of  precipitation.  On  the  other  hand,  the  filter  apparentfy 
accomplished  nothing.  This  result  is  probably  due  to  lime  which  was 
carried  over  in  the  previous  work  and  which  was  washed  out  of  the 
filter  with  the  present  filtrate. 

Tablb  4. — AmoimUi  of  calcium,  free  ammonia,  and  albuminoid  ammonia  contained  in 
effluetU  ofstrawboatd  treated  uith  carbon  dioxide  and  lime  water  in  experimenU  at  Earl' 
fuim  College,  Indiana. 

[In  parts  per  100,000.] 


Sample  No.  2. 

Sample  No.  3. 

Sample  No.  4. 

Before  fil- 
tration. 

283. 024 
1.675 

After  filtra- 
tion. 

Before  fil- 
tration. 

After  fil- 
traUon. 

Before  fil- 
traUon. 

After  fll. 
traUon. 

Calcium 

236.868 
.7 
1.336 

85.12 
2.50 
1.0 

89.78 

Free  amtnonia 

.835 
1.0 

.8 

.7 

3.0 

Albuminoid  ammonia 

1.125 

1.15 

TEN-BARREL  TEST. 

In  order  to  approach  commercial  methods  as  closely  as  seemed  pos- 
sible in  a  small  experimental  plant,  a  test  of  10  barrels  of  strawboard 
waste  was  arranged  to  close  the  work. 

First.  Three  barrels  of  waste  were  run  through  the  precipitation 
tank,  filling  it  and  two  othor  !)arrels,  which  served  as  reservoirs.  The 
milk  of  lime  and  CO^  were  fed  continuously  and  in  proportion  to  the 
i-ate  at  which  the  waste  flowed.  It  was  difficult  to  regulate  the  flow  of 
the  waste  by  valves,  as  the  straw  would  choke  them,  thus  varying  the 
discharge.  It  was  therefore  necessary  to  make  tlic  mte  of  flow  into 
the  precipitation  tank  high.  Automatic  floats  could  not  be  used  to 
properly  proportion  the  waste  and  lime,  as  the  volume  discharged 
was  too  small  to  overcome  the  friction  of  such  devices. 

The  two  reservoir  barrels  were  allowed  to  stand  twelve  hours;  then 
samples  were  taken  from  the  top  of  each.  The  first  barrel  was 
siphoned  onto  a  coke  filter,  consisting  of  a  barrel  with  2  feet  of  fine 
coke  breeze,  tlie  top  <>  inches  of  which  consisted  of  particles  one- 
fourth  inch  in  diameter. 

The  second  barrel  was  siphoned  onto  a  sand  filter  having  6  inches  of 
fine  gravel  in  the  bottom  and  24  inches  of  fine  sand  on  top.  The  latter 
passed  a  siev(>  of  one-eiglitli  inch  mesh. 
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The  rate  of  filtration  was  50  gallons  in  twelve  hoars.  As  the  filters 
were  approximately  0.0001  of  an  acre  in  area,  the  rate  of  filtration 
through  the  coke  was  1,000,000  gallons  per  acre  per  twenty-four 
hours.  The  rate  through  the  sand  was  half  as  rapid,  or  600,000 
gallons  per  acre  daily. 

Precipitation  and  settling  in  the  first  barrel  removed  47  per  cent, 
and  in  the  second  barrel  90  per  cent,  of  the  suspended  matter.  The 
coke  filter  accomplished  practically  nothing.  The  sand  filter  removed 
25  per  cent  of  the  suspended  matter  reaching  it,  making  the  total 
removal  by  precipitation,  twelve  hours'  sedimentation,  and  sand  filtra- 
tion, 92.6  per  cent.  The  greater  efficiency  of  the  precipitation  into  the 
second  barrel  was  due  to  a  better  adjustment  of  ihe  proportions  of 
lime  and  CO,  to  the  waste. 

Second.  Two  reservoir  barrels  were  again  filled  in  order  by  the 
effluent  from  the  precipitation  tank.  Each  settled  one  hour.  IheD 
one  filtered  through  the  coke,  the  other  through  the  sand,  each  at  the 
rate  of  50  gallons  per  twelve  hours,  or  1,000,000  gallons  per  acre  daily. 
The  efficiency  of  the  precipitation  and  settling  one  hour  was  20  per 
cent;  of  precipitation,  settling  one  hour,  and  sand  filtration,  90  per 
cent. 

Third.  In  another  and  similar  case  the  efficiency  of  precipitation  and 
.settling  thirty  minutes  was  75  per  cent;  of  precipitation,  settling  thirty 
minutes,  and  sand  filtration,  at  the  itite  of  50  gallons  in  six  hours,  or 
2,000,000  gallons  per  acre  daily,  80  per  cent. 

Fourth.  Similarly  the  efficiency  of  precipitation  and  settling  fifteen 
minutes  was  80  per  cent,  while  the  addition  of  sand  filtration  at  the 
rate  of  4,000,000  gallons  i^er  acre  daily  removed  86  per  cent  of  the 
suspended  matter. 

Fifth.  In  another  case  the  efficiency  of  precipitation  and  settling 
twelve  hours  was  92  per  cent;  of  precipitation  and  settling  eighteen 
hours,  86  per  cent. 

Sixth.  The  precipitation  tank  was  run  continuously,  and  two  sam- 
ples taken  from  the  top  showed  47  per  cent,  and  fifteen  minutes  later 
60  per  cent,  of  the  suspended  matter  removed.  The  gas  bubbled  up 
throughout  the  entire  cross  section  of  the  precipitation  tank.  This 
constant  ebullition  prevented  the  suspended  matter  from  settling  as  it 
should  and  as  it  would  in  a  tank  described  later,  in  which  the  ebulli- 
tion is  confined  to  the  delivery  pipe,  in  which  the  flow  is  downward  to 
the  lK)ttoui  of  the  precipitation  tank. 

Seventh.  The  waste  and  milk  of  lime  were  delivered  at  the  bottom 
of  the  precipitation  tank,  where  the  gas  was  added,  at  the  rate  of  100 
gallons  in  twelve  hours.  The  effluent  taken  from  the  top  was  deliv- 
ered into  the  bottom  of  a  reservoir  barrel.  From  the  top  of  it  ran 
two  siphons — one  to  the  coke  and  one  to  the  sand  filter — each  discharg- 
ing at  the  mte  of  50  gallons  per  twenty-four  hours,  or  500,000  gallons 
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per  acre  daily.  The  precipitation  removed  36  per  cent  of  the  sus- 
pended matter,  and  the  coke  filter  removed  43  per  cent  of  the  remainder. 
A.t  the  same  time  the  sand  filter  removed  66  per  cent.  The  total 
3fl5ciency  with  the  sand  filter  was  79  per  cent. 

Eighth.  The  sludge  drawn  from  the  bottom  of  the  precipitation  bar- 
rel showed  9,884  parts  per  100,000  of  suspended  matter,  or  40  times 
:hat  in  the  untreated  waste. 

DISCUSSION  OF  TESTS. 

The  above  efficiencies  are  ail  figured  on  the  basis  of  a  single  sample 
)f  untreated  waste  which  contained  238.9  parts  per  100,000  of  sus- 
pended matter.  To  have  taken  a  sample  from  each  barrel  would  have 
ncreased  the  number  of  analyses  by  ten,  and  would  not  have  eflfected 
he  results  materially.  As  it  was,  21  analyses  were  made.  Diflferent 
)arrels  differ  in  the  quantity  of  suspended  matter,  of  total  solids,  and 
>f  calcium  present.  The  quantity  of  lime  was  sometimes  too  great, 
tnd  at  other  times  the  quantity  of  COg  may  not  have  been  sufficient. 
These  facts  account  for  the  discrepancies  that  arise.  The  average 
{flficiency  of  precipitation  in  removing  suspended  matter  from  10  cases 
vas  63  per  cent.  The  average  efficiency  of  precipitation,  settling  for 
arious  periods,  and  sand  filtration  was  over  85  per  cent. 

Table  5. — Analym  of  sample  of  untreated  vjaste  from  fourth  barrel, 

[In  parts  per  100,000.] 
Suspended  matter: 

Organic  residue 149. 8 

Inorganic  residue 88. 8 

Total  residue 238. 6 

Total  solids: 

Organic  residue 362. 5 

Inorganic  residue 181. 0 

Total  residue 543. 5 

Ualcium 160. 6 

titrates None. 

Nitrites None. 

:Jhlorine 71.8 

Ammonia,  free 74 

Ammonia,  albuminoid 60 

Reaction,  alkaline. 

Coloring,  organic. 
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Tablb  6. — Residue  contained  in  suspended  maUer  in  tamples  Jf  to  tl. 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


/-. 
8.. 
9.. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Sample. 


ToUl  resi- 
due. 

OrnDlc 
rendue. 

iDOKank 

reridue. 

125.8 

57.2 

68.5 

128.7 

86.5 

42.1 

2:j.5 

16.0 

7.4 

17.7 

11.0 

6.7 

200.0 

133.7 

66.2 

215.0 

160.3 

54.6 

62.0 

43.9 

17.9 

24.0 

14.0 

9.5 

60.5 

36.8 

23.5 

48.0 

29.3 

18.6 

195.8 

123.5 

71.9 

33.8 

24.4 

9.3 

152.0 

105.3 

45.6 

88.8 

61.0 

27.6 

50.0 

35.0 

14.9 

126.5 

75.3 

51.1 

89.5 

51.5 

37.9 

19.0 

12.5 

6.4 

33.6 

11.1 

12.3 

\\  884. 0 

5,361.6 

4,501.5 

Samples  2  and  4  were  taken  from  the  tops  of  the  reservoir  barrels. 
Samphvs  8  and  5  are  of  filtrates  from  the  coke  and  sand  filters,  respec- 
tively, tiiken  at  the  middle  of  each  test.  The  barrel  from  which  sam- 
ple No.  2  was  taken  was  run  throiii^h  the  coke  filter.  The  barrel 
from  whicli  samph*  No.  8  was  taken  was  filtered  through  sand. 

Reservoirs  Nos.  1  and  2  were  filled  and  permitted  to  settle  one  hour, 
after  which  samples  Nos.  (>  and  7  were  taken  from  reservoirs  1  and  2, 
respectively.  Reservoir  No.  1  was  then  run  through  the  coke  filter 
and  No.  2  through  the  sand  filter  at  the  rate  of  1,000,000  gallons  per 
acre  a  da}-.  Samples  8  and  9  are  from  tlie  filtrates  through  the  coke 
and  sand,  respectively.     . 

Reservoir  No.  1  was  filled  and  allowed  to  settle  thirty  minutes. 
Sample  No.  10  was  then  taken  from  the  top.  It  was  siphoned  onto 
the  sand  filter  at  the  rate  of  2,000,000  gallons  every  twenty-four  hours. 
Sample  11  is  from  i\w  filtrate. 

Reservoir  No.  2  was  filled  and  allowed  to  settle  fifteen  minutes. 
Sample  12  was  collected  as  the  licjuor  was  siphoned  from  the  top  of 
reservoir  No.  2  onto  the  sand  filter,  through  which  it  passed  at  the 
rate  of  4,000,000  gallons  per  acre  daily.     Sample  13  is  from  the  filtrate. 
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The  precipitation  tank  was  run  continuously,  discharging  into  reser- 
voir No.  1.  From  the  top  of  the  latter  siphons  led  to  the  coke  and 
sand  filter.  The  rate  of  discharge  from  each  was  50  gallons  in  twelve 
hours,  or  1,000,000  gallons  per  acre  daily.  Sample  14  was  taken  from 
the  top  of  the  reservoir.  Sample  15  was  from  the  filtrate  through 
the  coke,  and  16  from  the  filtrate  through  the  sand. 

Sample  17  was  taken  from  the  top  of  the  precipitation  tank  daring 
its  operation,  and  sample  18  was  collected  fifteen  minutes  later. 

Sample  19  was  obtained  from  the  top  of  the  precipitation  tank  after 
it  had  settled  for  a  period  of  twelve  hours. 

Sample  20  came  from  the  top  of  the  precipitation  barrel  after  it  had 
settled  eighteen  hours. 

Sample  21  is  of  sludge  drawn  from  the  bottom  of  the  precipitation 
tank. 

The  eflfect  on  solids  in  solution,  especially  on  the  calcium,  was  not 
so  satisfactory,  owing  to  the  lack  of  sensitive  apparatus  by  which  to 
gauge  the  proper  proportions  of  milk  of  lime.  There  was  either  an 
excess  or  a  deficiency  of  lime,  leaving  an  undesirable  amount  in  the 
efiSuent.  So  long  as  the  quantity  of  CO,  is  sufficient  to  saturate  the 
liquor  no  variation  in  it  is  needed,  but  for  the  most  successful  opera- 
tion of  the  process  the  volume  of  lime  should  be  automatically  regu- 
lated by  the  rate  of  flow  of  waste. 

MIXING  APPARATUS. 

English  and  American  experience  suggests  that  the  waste,  CO,,  and 
milk  of  lime  should  l>e  brought  together  during  a  downward  flow, 
and  that  the  precipitation  should  take  place  during  a  following  slow, 
quiet,  upward  movement. 

The  milk  of  lime  may  be  proportioned  to  the  waste  by  a  float  in  the 
chamber  leading  to  the  waste  weir.  This  float  would  vary  the  length 
of  a  weir  of  constant  head  which  feeds  the  milk  of  lime  to  the  waste. 
The  mixture  should  then  travel  down  a  central  shaft  through  a  nest 
of  tubes  perforated  on  the  lower  side,  from  which  CO,  issues  under 
about  2  feet  of  head.  The  treated  waste  now  travels  down  the  cen- 
tral shaft  to  the  bottom  of  the  tank,  where  the  flow  turns  upward  with 
a  very  low  velocity.  The  less  the  upward  velocity  the  greater  the 
efficiency  of  precipitation.  The  eflluent  would  be  collected  at  the  top 
in  semicylindrical  troughs. 

In  the  tests  above  reported  50  gallons  were  run  through  a  tank  of 
50  gallons  capacity  in  one  hour.  The  cross  section  of  the  barrel  was 
649  square  inches,  making  an  upward  velocity  of  0.005  of  an  inch  per 
second.  To  treat  1,000,000  gallons  a  day  with  the  same  upward  veloc- 
ity would  require  a  tank  of  83,300  gallons  capacity,  or  25  feet  square 
and  15  feet  deep.  In  the  tests  made  the  COj  was  distributed  through- 
out the  barrel,  and  the  violent  ebullition  kept  the  precipitation  from 
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being  satisfactory,  unless  15  to  30  minutes  be  given  or  the  effluent  be 
run  into  settling  reservoirs.  By  confining  the  ebullition  to  a  central 
small  cylinder,  where  the  downward  flow  takes  place,  the  efficiency  of 
the  precipitation  would  certainly  be  increased. 

PBODUOnON  OF  CARBON  DIOXIDE. 

The  most  important  problem  in  the  application  of  this  method  of 
purifying  straw  board  waste  is  the  production  of  the  required  amoiuit 
of  carbon  dioxide  in  an  economical  and  practical  manner.  Two  meth- 
ods of  producing  this  may  be  considered. 

First  method, — Carbon  dioxide  may  be  produced  by  burning  lime 
in  closed  kilns,  such  as  are  used  in  the  manufacture  of  beet  sugar.  In 
the  typical  factor}'^  which  we  have  assumed^  using  50  tons  of  straw  a 
day,  nearly  10  tons  of  lime  are  needed  in  the  process  of  manufacture, 
and  an  additional  10  tons  are  required  for  purifying  the  waste.  A 
closed  kiln  of  20  tons  daily  capacity,  with  rock  hoist  and  gas  pump, 
would  cost  $10,000.  The  operation  would  require  4,800  pounds  of 
coke  a  day  and  the  attendance  of  three  men  on  each  shift.  Figuring 
interest,  depreciation,  labor,  and  coke,  the  daily  cost  of  CO,  produced 
would  be  $31.90.  Neither  profit  nor  loss  is  figured  on  the  lime. 
Finally,  the  quantity  of  COg  would  be  only  about  25  per  cent  of  that 
required.  To  produce  80  tons  of  lime  a  day  would  necessitate  a  cor- 
respondingly great  outlay  and  the  production  of  60  tons  of  lime  for 
which  a  market  mu.st  bo  found.  Manifestly  the  method  does  not 
recommend  itself,  especially  in  comparison  with  the  following  one. 

Secorid  inethod, — At  the  plant  which  has  been  cited,  where  50  tons 
of  straw  are  used  each  day,  about  SO  tons  of  Brazil  (Ind.)  bitumi- 
nous (roal  are  burned  ever}-  twenty -four  hours.  This  coal  contains 
about  70  per  cent  carbon.  C'Onseiinently,  TO  per  cent  of  80  tons, 
equaling  56  tons,  or  112,000  pounds,  of  carbon  are  consumed  each  day. 
About  12  pounds  of  air  per  pound  of  carbon  are  necessary  for  com- 
bustion. In  the  average  hand-fired  furnace  an  excess  of  50  per  cent 
of  air  is  supplied,  making  18  pounds  of  air  per  pound  of  carbon.  In 
the  above  case  there  w^ould  be  IS  times  112,000,  or  2,016,000,  pounds 
of  air  needed.  A  series  of  16  tests  reported  shows  that  the  per  cent  of 
COg  in  the  chimnc}^  gases  mnges  from  8  to  19  per  cent.  Assuming 
10  per  cent  as  a  conservativ^e  amount,  there  would  be  10  per  cent  of 
2,016,000,  or  201,600,  pounds  of  CO.,  available  every  twenty-four 
hours  from  the  flue  gases.  The  maximum  amount  of  carbon  dioxide 
needed  in  the  precipitation  is  twice  19,800,  which  equals  H9,600  pounds. 
Only  20  per  cent  of  the  chimney  gases  would  be  needed  in  the  process 
of  purification,  tras  pumps  capable  of  delivering  250,000  cubic  feet 
per  twenty-four  hours,  under  the  pressure  of  2  feet  of  water,  would 
be  required. 
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The  cost  for  gas  pump  and  installation  would  be  $2,500,  with  no 
additional  attendance  above  the  usual  engine-room  staff.  Figuring 
cost  on  the  same  basis  as  before,  it  would  amount  to  $1.35  per  diem, 
as  compared  with  $31.90  in  the  previous  case,  a  saving  of  $30.65  a  day. 
The  actual  cost  of  producing  the  necessary  lime  and  CO,  would  be  the 
cost  of  10  tons  of  lime  at  $5  per  ton,  or  $50,  plus  $1.35  for  pumping, 
making  a  total  of  $51.35  daily. 

The  cost  of  installing  a  precipitating  tank  and  mixing  apparatus  is 
so  dependent  on  local  conditions  that  no  figures  can  be  given  unless 
the  conditions  be  known.  In  almost  all  cases  the  design  could  be 
adapted  to  the  topograph}^,  so  that  it  would  be  unnecessary  to  pump 
either  the  waste,  the  effluent,  or  the  sludge. 

While  it  is  believed  that  under  average  conditions  filters  are  not 
needed,  if  a  higher  degree  of  purification  is  required  at  times  of  very 
low  stream  flow  than  the  normal  operation  of  the  precipitation  tank 
provides,  gravity  filters  could  be  employed.  Under  some  conditions 
a  second  settling  tank,  or  two  precipitation  tanks  with  a  reduced  rate 
of  flow,  might  be  the  more  economical.  To  operate  a  filter  requires 
an  available  head  of  about  3  feet  from  the  surface  of  the  tank.  To 
operate  two  tanks  either  in  series  or  in  pamllel  requires  practically  no 
additional  head. 

TREATMENT  OF   SLUDGE. 

Would  it  pay  to  treat  the  sludge  in  order  to  recover  the  lime?  Take, 
for  example,  the  50-ton  mill  which  wastes  19,800  pounds  of  lime  daily. 
Assuming  an  efliciency  of  75  per  cent  in  the  purification  by  precipita- 
tion alone,  there  would  be  present  in  the  sludge  75  per  cent  of  twice 
19,800,  or  29,700,  pounds  of  lime.  Onl}^  about  85  per  cent  of  this  is 
recoverable,  i.  e.,  26,700  pounds. 

No  more  economical  method  of  drying  the  sludge  is  known  than  that 
employed  in  the  manufacture  of  strawboard  itself.  Hence  the  cost 
may  be  considered  the  same.  An  otticial  of  a  strawboard  company 
states  that  the  hot  rolls  receive  the  pulp  from  the  wet  end,  press  it 
while  it  is  about  66  per  cent  water,  and  deliver  it  with  about  10  per 
cent  of  moisture  remaining.  Th(^  cost  of  removing  this  56  per  cent 
of  water  present  is  the  principal  item  in  the  expense  of  drying.  The 
company  estimates  that  it  requires  11  horsepower  for  twenty-four 
hours,  or  264  hors(*power  hours,  to  dr}^  1  ton  of  board.  If  we 
take  30  pounds  of  .steam  as  equivalent  to  1  horsepower  hour,  then 
11x24x30,  or  T/.HJO,  pounds  of  steam  are  required  per  ton  of  product. 
If  7  pounds  of  steam  he  generated  per  pound  of  coal  burned,  1,274 
pounds  of  coal  are  consumed,  which,  at  $3  per  ton,  makes  the  cost 
11.91  per  ton  of  product.  One-half  the  cake  is  straw  and  one-half 
carbonate  of  lime,  hence  the  cost  per  ton  of  lime  present  is  $3.82. 
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By  IsAiAii  Bowman. 


INTK01>UCT10N. 

Since  lvS8(),  a  date  which  marks  the  l)eginning  of  the  oil  and  ptf 
industry  in  eastern  Indiana,  there  has  l)een  more  or  less  speculation 
concernin|i(  the  pollution  of  wells  and  streams  in  the  oil  fields  in  so  far 
as  such  ix)Hution  impairs  the  purity  of  drinking  water  or  damages 
water  for  domestic  and  industrial  uses.  Within  the  last  few  j'ears  the 
matter  has  assumed  a  more  serious  aspect.  Considerable  litigation 
has  r<*sulted  from  attempts  to  collect  compensation  for  damages  to 
surface  wells  by  this  form  of  contamination. 

In  the  following  pages  the  manner  in  which  such  pollution  occurs 
is  shown,  and  a  remedy  is  suggested  for  the  conditions.  The  data  pre- 
sented relati*  to  the  city  of  Marion,  this  city  having  been  chosen  as 
the  ])lace  of  iniiuiry  hiM-ause  it  is  situated  in  the  center  of  the  oil 
fi(»l(ls  of  t^asterii  Indiana  and  IxM-ause  many  cases  of  well  and  stream 
])()llution  are  known  to  (»xist  there. 

Acknowledgments  an*  due  to  Mr.  K.  Ilulley,  superintendent  of  the 
Marion  waterworks,  and  Messrs.  John  K.  Weigel  and  W.  L.  Benson, 
well  drillers,  for  assistance  rendcM-ed  by  them  in  preparing  this  paper. 

TOlMXiRAPIIV  AND  l)RAIXA(;K  OF  TIIF.  KKGION. 

The  cit}'  of  Marion  is  located  on  Mississinewa  Kiver.  This  stream 
is  tributary  to  the  Wabash  and  has  a  length  of  about  100  miles. 
The  general  course  of  the  stream  is  northwestward,  and  the  chan- 
nel lies  just  outside  tin*  Mississinewa  moraine.  Above  Marion 
the  river  swings  against  the  moraine,  cutting  steep  blutfs  into  the 
clay;  but  near  the  Arcona  bridge,  ])etween  Eighteenth  and  Ninc- 
t(»enth  streets,  it  cuts  into  a  gravel  terrace  foruKKi  outside  the  moraine 
by  the  stream  when  it  was  overloaded  by  material  derived  from  the 
ice  which  then  rested  against  the  moraine.  Just  opposite  Marion-on- 
the-River,  and  again  near  the  Washington  Street  Bridge,  the  Missis- 
sinewa flows  over  rock.  This  greatly  impede^s  the  dissei^tion  of  the 
till  plain  and  terraces  in  which  the  river  valley  has  elsewhere  been 
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incised.  The  dilBference  in  the  character  of  the  material  that  the 
river  must  remove  has  resulted  in  alternate  straight  and  meandering 
8tretches.  Each  outcrop  of  rock  in  the  channel  is  generally  indicated 
by  a  marked  sinuosity  of  the  stream  above  it. 

Back  of  the  river  bluffs,  which  have  an  average  height  of  about  50 
feet,  the  surface  of  the  country  to  the  southwest  is  extremely  level, 
and  drainage,  especially  on  the  flat  and  wide  divides,  is  sluggish  and 
ineffective.  Northeast  of  the  river  the  Mississinewa  moraine  gives 
some  relief  to  the  surface,  although  that  part  of  the  moraine  near 
Marion  has  an  average  height  of  not  more  than  20  or  30  feet. 

The  valley  bottom  varies  greatly  in  width.  In  places  it  is  but  little 
wider  than  the  river,  while  in  the  vicinity  of  the  pumping  station  it  is 
from  a  half  mile  to  a  mile  wide.  The  business  part  of  the  city  and  its 
more  thickly  settled  portions  lie  on  an  old  flood  plain  of  the  Missis- 
sinewa. The  oil  wells  are  scattered  over  the  whole  region,  alike  in 
valley  bottom  and  in  the  country  back  of  the  river  bluffs.  Occasion- 
ally, where  the  bluffs  have  a  gentle  descent,  oil  wells  may  be  found 
on  them,  as  well  as  on  the  lower  surfaces  nearer  the  river,  positions 
which  have  the  advantage  of  rapid  drainage,  while  the  others  have  the 
association  of  stagnant  pools  of  waste  oil. 

GEOL.OGIC    FEATURES. 

PLEISTOCENE   DEPOSITS. 

At  the  place  where  Sixth  street  ascends  the  river  bluffs  in  the 
western  part  of  the  city  there  is  a  typical  80-foot  section  of  the  till 
plain.  Beneath  a  covering  of  till  about  10  feet  thick  is  a  layer  of 
gravel,  which  in  turn  overlies  a  layer  of  iron-stained  bowlders  several 
feet  thick.  Below  this  is  a  promiscuous  deposit  of  clay  and  gravel, 
underlain  by  cross- bedded  and  fine-textured  sand. 

The  upper  covering  of  till  is  persistent  throughout  this  region, 
varying  in  thickness  from  sevei'al  inches  to  15  feet.  It  is,  of  course, 
absent  in  the  valleys  where  the  river  has  undercut  it.  Where  it  is 
thin  it  is  very  porous,  because  of  oxidation  and  the  action  of  vegeta- 
tion, so  that  it  offers  no  obstruction  to  the  free  passage  of  percolating 
water.  Along  the  present  stream  channel  and  over  the  older  flood 
plain  that  lies  between  the  bluffs  are  scattered  bowlders  which  the 
river  has  been  able  to  undermine  and  dislodge  from  the  bowlder  bed 
previously  mentioned,  but  which  it  is  not  able  to  carry  downstream. 
In  places  the  till  is  so  free  from  pebbles  that  it  is  used  in  the  manu- 
facture of  brick. 

A  number  of  well  sections  are  given  herewith,  since  they  represent 
the  character  of  the  glacial  deposits,  an  understanding  of  which  is 
essential  to  an  appreciation  of  the  conditions  of  water  contamination. 
The  best  well  section  procured  in  the  vicinity  of  Marion  was  that 
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obtained  at  the  pumping  station  of  the  city  waterworiu.  At  the 
requeHt  of  the  writer  samples  of  the  borings  were  saved  by  Mr.  £. 
Hulley,  superintendent  of  the  waterworks.  The  well  was  drilled  in 
October,  1903.  In  studying  the  section  it  must  be  remembered  thit 
the  pumping  station  is  in  the  pulley  of  the  Mississinewa  and  that  the 
bluff  section  given  alxive  must  be  added  to  the  well  section  in  order  to 
get  a  fair  notion  of  the  character  of  the  deposits  from  the  surftoe  of 
the  till  plain  to  the  rock. 

The  samples  were  examined  both  microscopically  and  maorosoopic- 
ally.    A  description  of  them  follows:  / 

Sectmt  oJwtUat  cUy  waUrworkB^  Markm,  Ind, 


ThiekiiMi 


'*'ifSSritoi.tin»to 


1.  Fine  sand  an<l  black  loam  (a  peaty  <lcpoflit  in  a  part  of  the 

river  channel  now  abandonee! ) 

2.  Very  fine,  yellow,  sharp,  ferruginous  wintl 

S.  CiMirsc  gray  sand,  tlie  grains  Ix^ing  roundetl  through  water 
action ..." - 

4.  Fine  gravel,  niadc  up  mostly  of  erratic  material  and  quartz  sand 

5.  Tale  reddish-brown  clay  with  many  stom^  and  considerable 

gravel,  alno  some  iron  concrretions.  The  stones  and  pebbles 
were*  of  chert,  linu»Ht4)ne,  trap,  shale,  and  quartzite.  (Ldme- 
Htone,  Hhalo,  ami  chert  j)ebl)ics  seem  to  have  Ihhmi  derivcNl 
fnmi  the  underlying  rock ) 

H.  (Jravdav,  very  plastics  when  wet  and  containing  no  ])ebbles. 
Thin  clay  i.s  remarkably  pure  ami  \»  distinct  trom  the  clay 
Im'<1  al)ove  it  in  containing  no  |>ebbles  whatever  in  its  middle 
|)ortion,  though  it  merges  gra<iually  into  the  ]>ebbly  clay  al)ove. 

7.  IJm(»stone  (  Niagara).  The  limest4»ne  is  water  bearing  fn>m  the 
top  to  th<^  hist  <lepth  given  and  presunial)ly  beyond,  but  the 
WM  supply  conies  from  a  sul){K»rous  and  greatly  fissured 
laver  S8  fe«*t  Iwlow  the  nn^k  surface 


in  feet 


15 

4 


54 


26 


58 


feet 


3 
31 

46 
SO 


104 


130 


188 


This  is  a  Howiiij^  wolK  the  water  risinjj  (wlicii  the  well  is  piped  up) 
to  a  hoif^ht  of  is  foot  above  the  surface. 

The  foHowinjr  borinpf  records  were  kindly  furnished  by  Mr.  John  E. 
Wcigel,  of  Marion,  Ind.  Tliey  show  the  character  and  depth  of  the 
material  overlyinjr  the  rock  at  the  various  places  indicated  by  the 
corresponding  numbers  on  the  accompanying  map  (fig.  4). 

Makrinl  ovcrhjxng  rock  id  certain  localities  indicated  hy  numltcrs  on  fig.  4- 

Feet. 

1:  Sand  and  gravel 0-30 

2.  Sand  and  gravel 0-17 

3.  Sand  and  gravel 0-37 

"Blue"  clay 37-i5 

4.  Sand  and  gravel 0-57 

"Blue"  clay 57-65 
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Feet. 
5.  Gravel (>t60 

Mixture  of  gravel,  Band,  and  clay 50-105 

H.  Gravel  and  sand 0-60 

Till  as  in  No.  5 60-60 

7.  Rock  in  river  bottom 0 

8.  Till,  sand,  and  gravel 0-100 

9.  Sand  and  gravel 0-32 

10.  Sand  and  gravel 0-60 

11.  Gravel 0^40 

TOl 40-100 


[Quarries] 


;  merging 


Fio.  4.— Map  of  Marion,  Ind. 

12.  Till,  sand,  and  gravel 0-200 

13.  Till,  sand,  and  gravel 0-200 

14.  Gravel 0-60 

Till 50-105 

15.  Sand  and  gravel 0-60 

Till 60-198 

16.  Quicksand 0-55 

Till  ( mostly  gravel  and  .some  brown  clay ) 55-200 

17.  Gravel,  bearing  salt  water 0-40 

Till ^sy-va 

18  and  19.  (The  samples  previously  referred  to  are  Irom  theae  Iyjo  v^'^Wa>, 
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Feet 

20.  Sand  and  gravel (MO 

Till 40-50 

Gravel 50-70 

Clay 70-169 

(This  well  was  drilled  118  feet  into  limestone,  making  a  total  depth  of 
287  feet,  but  no  water  was  encountered,  and  the  well  was  abandoned. ) 

21.  Sand  and  gravel O-60 

Till 60-117 

Gravel 117-127 

Clay 127-216 

While  the  last  clay  bed  is  extensive,  it  by  no  means  covers  the 
entire  surface  of  the  rock,  for  well  sections  frequently  show  glacial 
gravel  and  till  all  the  way  to  rock.  No  bowlders  are  known  to  occur 
in  it,  and  the  deposit  may  be  nonglacial.  Gravel  is  said  to  underlie 
it  in  places,  but  none  of  the  gravel  was  obtainable,  and  its  nature  is 
therefore  uncertain. 

In  the  foregoing  records  no  distinction  was  made  between  this  clay 
l)ed  and  the  pronouncedly  glacial  material  overl3ing  it,  although  an 
examination  of  the  samples  showed  that  such  a  distinction  exists. 

The  well  sections  show  that  there  is  an  extensive  area  of  rock  sur- 
face not  covered  with  clay,  the  entire  section  yielding  only  sand  and 
gravel.     It  also  appears  that  the  upper  la3^ers  of  clay,  or  more  prop- 
erly, of  till,  and  the  layers  of   gravel  are  in  many  places  differen- 
tiated, while  in  others  there  is  a  more  or  less  intimate  mixture  of 
those  two  niiitorials.     Such  a  mixture  must  not  !)e  regarded  as  imper- 
vious to  water.     There  is  uiidouhtedly  a  more  or  less  free  circulation 
of  subsurface  wjiter  throutj^hout  this  entire  mass  of  glacial  material. 
This  coiielusioii  is  warranted  not  only  by  a  determination  of  the  fre- 
quent high   porosity  of  the  till   and  its  consequent  permeabilit}^  to 
water,  ])ut  also  hy  underground  o})servati()ns  on  percolating  water. 
In  assisting  Mr.  A.  C.  Veateh,  of  this  Survey,  in  work  done  on  Ix)ng 
Island,  New  York,  during  the  sununer  of  1JH)3,  the  writer  had  occasion, 
through  the  kindness  of  Mr.  J.  V.  Meem,  consulting  engineer  for  the 
Borough  Construction  Company,  to  (^\amine  a  sewer  tunnel  in  course 
of  construction  between  Sixty-Hfth  street  and  Fort  Hamilton  avenue. 
South  Brooklyn.     Ditierent  working  faces  were  closely  examined,  and 
it  was  found  that  even  in  those  places  where  the  till  was  most  clayey 
in  composition  the  water  at  a  depth  of  JM)  feet  from  the  surface  had 
occupied  the  ])()res  of  the  till  in  such  manner  and  to  such  a  degree 
that  constant  pumping  was  necessary  to  keep  this  part  of  the  tuiuiel 
dry  enough  to  permit  woik.     The  sand  and  gravel  distributed  through 
the  till  was  suthciently  abundant  to  allow  a  <-onstant  How  of  under- 
ground water.     This  fact  nuist  be  regarded  as  unportant,  inasmuch  as 
a  number  of  apparently  anomalous  cases  of  contamination  no  doubt 
depend  for  their  explanation  upon  this  (juality  of  the  till. 
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HARD  ROCK   FORMATIONS. 

The  hard  rock  foriimtions  with  which  this  report  is  concerned  are 
the  Niagara  limestone,  the  shales  and  limestones  formerly  known  as 
the  Hudson  River  limestone  and  Utica  shale,  and  the  upper  Trenton 
limestone. 

NIAGARA    LIMESTONE. 

Into  the  Niagara  limestone  pre-Glacial  streams  cut  valleys  several 
hundred  feet  deep.  This  depth  was  so  great  that  the  ice  sheet  was  just 
able  to  cover  the  valleys  and  divides  evenly  with  drift,  and  so  enable 
the  post-Glacial  streams  to  take  an  initial  course  independent  of  the  old 
rock  valleys.  The  depths  to  rock  at  various  places  in  Marion  and  in  the 
region  east  of  that  city  indicate  that  the  pre-Glacial  drainage  was  along 
a  northeast-southwest  line,  almost  at  right  angles  to  the  general  direc- 
tion of  the  course  now  taken  by  the  Mississinewa.  In  some  of  the 
deeper  parts  of  this  old  valley  the  limestone  has  been  completely 
eroded  and  the  shale  beneath  uncovered,  while  over  a  considerable 
area  near  the  bottom  of  the  valley  the  limestone  is  but  a  few  feet  thick. 
Toward  the  divides  it  becomes  thicker,  reaching  a  maximum  thickness 
of  about  350  feet  at  the  quarries  indicated  on  the  map. 

The  upper  layers  of  limestone  are  weathered  to  a  depth  of  6  or  8 
feet,  the  result  being  the  formation  of  a  dirt}'^  yellow  and  partiall}^ 
oxidized  clay.  In  most  places  this  clay  is  porous,  usually  covering 
the  rock  to  an  insignificant  depth.  Most  of  this  clay  was  removed 
during  the  advance  of  the  ice.  It  occurs  at  the  present  time  only  in 
patches,  which  furnish  all  the  evidence  that  is  available  concerning 
pre-Glacial  conditions. 

The  limestone  lies  in  nearly  horizontal  la^^ers.  It  is  extensively  fis- 
sured, the  breaks  being  more  numerous  near  the  top  of  the  section, 
presumably  from  pre-Cxlacial  weathering,  the  weight  of  the  once  over- 
lying ice,  and  the  extremes  of  temperature  to  which  the  rock  was 
subjected  and  the  water  which  it  contained.  This  condition  of  the 
limestone  permits  surface  water  to  have  easy  access  to  the  rock  for 
Sf^me  depth,  and  rock  wells  and  springs  (the  latter  where  the  rock  out- 
crops in  a  favorable  way)  are  then^fore  to  be  expected.  Such  springs 
exist  in  all  the  quarries,  and  the  chief  source  of  the  city  water  supply 
is  from  wells  drilled  into  the  upper  limestone  rock. 

It  is  maintained  by  the  writer  that  the  water  occurring  in  the  upper 
limestone  rock  is  not  derived  from  some  far  distant  source  and  trans- 
mitted through  possible  porous  layers  of  limestone,  but  is  essentially 
of  local  derivation  and  is  supplied  from  rainfall  percolating  through 
the  glacial  deposits  above.  This  conclusion  is  supported  by  th(».  fol- 
lowing considerations: 

1.   Water  must  enter  the  limestone  where  it  is  not  covered  with  clay. 
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2.  Oiico  in  rock  which  is  fissured  and  t-o  a  slight  extent  jxirous,  the 
water  nuist  ultimately  occupy  even  those  parts  of  the  rock  that  are  cov- 
ered with  clay. 

8.  The  greate^st  supply  of  waUM*  in  found  near  the  top,  where  the 
limestone  is  most  highly  fissured  and  where,  therefore,  the  transmission 
of  pressure  is  most  ciuickly  accomplished. 

4.  The  deep  valleying  which  the  limestone  has  suflFered  and  the  con- 
sequent relation  of  the  superimposed  clay  beds  to  the  shale  and  the 
(»roded  edges  of  the  limestone  prevent  the  wide  distribution  of  perco- 
lating water  through  possible  porous  limestone  layers. 

5.  The  rock  is  unevenly  fissured.  If  there  is  any  connection  between 
the  fissured  (condition  and  the  supply  from  above,  we  should  expect  the 
greatest  supply  where  the  rock  is  most  highly  fissured;  also  a  consider- 
able disparity  in  the  depths  of  wells,  even  though  such  wells  are  within 
short  distances  of  one  another.  Many  examples  of  the  latter  condition 
are  found  among  rock  wells. 

6.  The  rock  being  unevenly  fissured  and  of  different  degrees  of 
porosity,  a  combination  of  unfavorable  conditions  may  result  and  no 
water  may  be  procural)le  from  the  rock  in  some  places.  Such  condi- 
tions hav(».  been  known  to  occur,  although  the  number  of  cases  is  rare. 
OiK^  of  the  most  notable  occurred  in  November,  1903,  when  a  boring 
was  made  for  wat^^r  l)y  the  city  waterworks  company.  On  the  map 
th(»  well  is  indicated  by  the  number  22.  The  following  material  was 
(Micounter^MJ: 

Scrdnn  of  dry  hnrimj  (it  MtirUni,  hid. 

Feet. 

( 1 )  Sand  and  ^'rav<'l \ (Mk) 

{2)   Mixivl  «,'ravi'l  and  clay 50-169 

(8)    I  jnu'stonc  (  Niapira) 169-287 

NoTK. — No  water  was  obtiiined  and  the  lu)l.  was  abandoneil. 

7.  So  f:ir  jis  the  writer  has  been  jihle  to  determine,  there  are  no  suc- 
(•(\ssful  wells  ill  tlie  liniestone  at  any  depth  wlu»re  tlie  limestone  comes 
viMv  near  to  the  surface,  while  in  the  valleys  the  wells  in  the  rock  are 
scarcely  ever  unsuccessful  and  they  nearly  always  How. 

nrnsoN  hivkk  limkstoni:  and  rru  a  shale. 

This  group  occurs  about  '-5(15  feet  l)elow  tlu»  surface  and  is  about  560 
feet  thick,  the  Trenton  liinivstone  beginning  at  about  1^25  feet.  The 
shales  are  somewhat  calcareous,  and  near  the  top  and  bottom  of  the 
series  then*  are  frecjuent  intercalations  of  bluish  thin-bedded  lime- 
stones. The  formation  is  not  water  bearing  except  near  the  bottom, 
where  water,  saline  in  quality,  sometimes  occurs. 

TRKNTON    LIMESTONE. 

This  limestone  is  dull  gniy  in  (!olor,  except  where  it  is  most  calcitic, 
and  there  it  is  nearly  white.     Oil  occurs  ncmr  the  top  of  the  forma- 
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tion,  where  the  rock  is  extremely  porous.  Beneath  the  oil  is  saltwater, 
which  is  pumped  out  with  the  crude  oil  in  large  quantities.  If  pump- 
ing is  continued  irregularly  the  oil  well  may  be  permanently  injui^ed 
by  the  inflow  of  salt  water.  In  the  earlier  days  of  oil  wells  the  driller 
frequently  drilled  to  too  great  a  depth  and  the  inflow  of  brine  was  so 
strong  that  the  well  became  useless.  *  In  order  to  form  a  reservoir  for 
the  collection  of  oil  the  limestone  must  be  entered  some  distance,  and 
the  most  successful  wells  are  those  which  are  drilled  deep  enough  to 
allow  a  large  amount  of  oil  to  collect  and  still  be  some  distance  above 
the  upper  level  of  the  brine.  The  oil  wells  are  usually  about  1,050 
feet  deep,  the  oil  rising  to  within  600  or  700  feet  of  the  surface. 

SOURCES    OF    CONTAMINATION. 

Scarcely  a  week  passes  but  the  boring  of  an  oil  well  near  Marion  is 
completed  and  the  well  is  "shot"  with  nitroglycerine.  The  shooting, 
no  doubt,  breaks  up  the  porous  Trenton  limestone  and  forms  fissures 
and  small  caverns,  which  act  as  reservoirs  into  which  the  oil  will  flow 
if  this  substance  occupies  the  pores  of  the  rock  at  that  place.  The 
surface  effect  of  the  shooting  is  the  violent  ejection  of  salt  water  and 
oil,  often  to  the  estimated  amount  of  thousands  of  gallons.  The  oil 
and  salt  water  sink  into  the  soil,  where  it  is  sufficiently  porous,  and 
finally  reach  the  surface  zone  of  underground  flow,  where  they  par- 
tnke  of  the  general  movement  of  the  water  toward  the  main  line  of 
underground  di-ainage. 

Wells  reaching  this  saturated  zone  and  lying  between  the  oil  well 
and  this  line  of  drainage,  or  thalweg,  boconio  polluted.  This  takes 
place  even  though  the  amount  of  oil  contributed  during  a  week  or  a 
month  should  l)e  small;  for  the  oil,  being  lighter  than  the  water  and 
having  greater  viscositA,  is  subject  to  less  favorable  conditions  of 
lateral  flow,  and  the  ratio  of  the  amount  of  it  in  the  well  to  the  height 
of  the  vertical  water  column  of  which  it  forms  a  part  tends  to  be 
grejiter  than  the  ratio  oxprcvssing  a  normal  condition  elsewhere  in  the 
saturated  zone. 

By  a  similar  process  of  reasoning  we  are  led  to  believe  that  the 
brine,  but  not  the  oil,  should  pollute  wells  which  derive  water  from 
deeper  zones  of  flow  or  from  tiu^  bottom  of  the  surface  zone.  This 
will  be  true  especially  when*  depressions  occur  in  the  clay  of  the 
drift,  or  along  the  main  line  of  underground  drainage.  This  con- 
clusion seems  to  be  supported,  in  part  at  least,  b\'  the  records  given 
elsewhere  in  this  papoi ,  its  final  justification  depending  on  its  accord- 
ance with  a  larger  amount  of  data.  The  slope*  of  the  ground  being 
usually  indicative  of  the  direction  of  flow  of  underground  water,  an 
examination  of  the  surface  slopes  with  reference  to  a  near-by  water 
well  should  indicate  whethm*  or  not  pollution  may  arise  in  a  given 
locality  through  the  circumstances  attending  the  sinking  and  working 
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of  III)  oil  well.  In  s'mkinjif  water  wolls,  doprcssions  in  the  drift  sliould 
bo  iivoidcd,  Jis  \V(»1I  as  tlio  d(M*|HM-  parts  of  tlio  vall(\v.  As  will  sip|X'ar 
nioro  clearly  later  in  this  disnission,  howoviM*,  the  burden  of  respcinsi- 
bilit}'  for  eontaniination  rests  not  on  the  owihms  of  wat.iM*  wells  but 
on  tho  owners  of  oil  wells,  for  the  latter  are  usually  in  the  Held 
later  than  the  fonn<»r  and  lo(*ate  their  wells  often  with  no  rejrard  to 
the  rights  of  others  and  in  contempt  of  w<dl-established  theories  of 
(*ontamination. 

If  the  eontainination  of  wells  were  due  alone  to  the  oil  and  salt 
wat^>r  which  is  thrown  out  at  the  shootinj^f  of  a  well  the  miinl>or  of 
cases  of  pollution  nii^ht  be  inueh  smaller  than  it  is  now,  for  a  great 
deal  of  the  liquid  thrown  out  runsotf  (piickly  into  the  creeks,  and  only 
a  part  of  it,  except  wh(»n»  the  surface  is  level  or  the  ground  porous, 
sinks  into  the  soil.  There  is  another  and  more  prolific  source  of  con- 
tiunination.  T\w  brine  and  oil  punii)ed  from  an  oil  well  are  delivered 
to  a  tank  havinof  a  capacity  of  loo  barn^ls  or  more.  Near  the  lK)ttoni 
of  the*  tank  a  pip(*  leads  up  at  an  ani^h*  with  the  side,  and  it  is  thi'ough 
this  pipe  that  the  salt  water  is  allowed  to  (Escape.  (See  PL  IV.)  A 
little  beh)w  the  level  of  the  top  of  the  licpiid  in  the  tank  another  pipe 
leads otl*.  It  is  through  this  one  that  the  oil  is  conducted.  The  adjust- 
ment of  thes(»  two  pipes  is  made  witii  reference  to  the  capaeitv  of  the 
well,  so  tiiat  but  little  waste  of  oil  occurs  from  this  source.  Some, 
however,  does  find  its  way  out  of  the  pipe  intended  to  convey  only  salt 
water,  and  this  oil,  toirt'thcr  with  that  which  is  derived  fnmi  various 
leaks  in  the  tank  and  from  pumpin<^-.  result  in  a  constant  How  of  brine 
and  oil  fi-oni  the  w(»ll  and  tank.  In  many  cas(»s  the  owners  of  these 
wells  pay  no  jittcntion  to  the  disposition  of  this  I'cfusc,  but  allow  it  to 
lie  in  pools  or  to  nni  >lowly  over  the  adjoinine-  li(»|(ls.  Some  of  it 
finds  it>  way  into  the  ei-eeks  and  >o  into  the  rivei',  whih*  still  another 
pai't  sinks  slowly  into  the  e round.  In  some  casivs  tin*  attention  of 
owrKM's  has  been  ealh'd  to  tlu^  daneer  of*  pollution,  but  only  a  few  of 
them  tak«'  the  precaution  to  eonstiiiet  a  ditch  from  tin*  w(dl  to  the 
nearest    r:i\  ine  or  creek. 

It  is  instruetixc  in  this  eormection  to  note  tln^  maniuM"  in  which  pipes 
art*  inserted  into  iIh'  hoie  holes  in  rock  and  the  dant»:er  of  pollution 
resultin«r  from  this  method.  An  s-inch  pipe,  eallerl  a  (liivepip<\  is 
drivi'u  down  tinouirli  the  \arious  inat(M*ials  ahox c  the  I'ock  as  rapidly 
as  the  nr.itei'ial  at  the  bottom  of  the  pi])c  can  b(^  remo\  ed  by  nutans  of 
a  sand  l)ueket,and  is  then  forced  into  ihc  upper  limtvstone  to  a  distance 
of  from  .")  t(>  ir»  fiM't.  With  the  lar^-esi  drill  that  \vilh\ork  in  thiM'asintr 
the  hole  i^  eontimuMl  down  thi"ouL!h  the  upper  limestone  as  far  as  tin* 
shale  ov«M*lyine*  the  Trenton  limestone.  Here  the  si/e  of  the  bit  is 
riMluced,  and.  after  the  hole  is  drilled  souh*  distance  int<>  the  shah\  the 
hole  is  eased  with  a  r)L:-inch  pipe.  The  shale  itself  «"ontains  no  water, 
except  very  small  amounts  near  its  hase,  hut  tin*  limestone  overlying 
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it  18  saturated.  It  is  the  effort  of  the  driller  to  so  tightly  fit  the  casing 
into  the  shale  that  no  water  from  the  overlying  limestone  can  follow 
down  the  pipe  to  its  open  lower  end.  Such  a  passage  along  the  pipe 
would  either  allow  the  oil  to  escape  upward,  or  the  surficial  waters, 
with  sand,  clay,  etc.,  to  pass  downward  into  the  oil,  according  to  the 
direction  of  circulation. 

The  space  between  the  casing  and  the  sides  of  the  hole  in  the  lime- 
stone permits  such  oil  and  ])rine  as  have  passed  downward  through  the 
soil  to  have  easy  access  to  the  waters  in  the  limestone.  This  takes 
place  oftenest  where  the  limestone  is  near  the  surface  and  where  the 
material  above  it  consists  wholly  of  sand  and  gmvel.  The  water  in 
this  l(K>se  material  will  tend  to  move  nearly  vertically  downward,  but 
contamination  will  occur  with  almost  ecjual  certainty  where  the  direc- 
tion of  movement  has  a  strong  horizontal  component,  the  wells  being 
so  numerous  and  crowded  that  the  refuse  from  one  readily  contami- 
nates the  water  in  the  rock  adjacent  to  others.  In  the  vicinity  of  the 
Thirty -eighth  Street  Bridge  the  water  table  stands  from  30  to  35  feet 
V)elow  the  surface,  showing  that  the  movement  of  whatever  additions 
it  may  be  receiving  by  downward  |)crcolatioii  from  the  surface  must  be 
nearly  vertical,  as  evidences  of  lateml  moveineiit,  as  expressed  by  any 
rise  of  the  water  table,  are  absent.  The  water  level  in  the  rock  at  this 
and  similar  places  seems  to  supply  additional  proof  of  the  local  sources 
of  the  water.  The  flowing  wells  in  the  valley  are  at  least  50  or  60  feet 
lower  than  those  about  Thirty-eighth  Street  Bridge,  and  the  height  to 
which  the  water  will  rise  in  the*  strong(»st  of  the  Howing  wells  seems  to 
be  always  somewhat  less  than  the  height  of  the  water  level  in  adjacent 
areas.  Precise  levels  run  to  the  various  wells  would  furnish  data  of 
great  valu(»  in  settling  (juestionable  points  of  this  nature. 

Where  artesian  effect  is])r()noun<e(l  pollution  from  the  source  under 
consideration  may  not  be  aeconiplisJM'd  as  readily,  though  it  seems  that 
in  time  the  inflow  of  salt  water  near  the  head  would  contaminate  most 
of  the  water  in  the  rock.  The  likc^lihood  of  such  an  occurrence  is 
being  strengthened  continually  because*  of  the  constantly  increasing 
number  of  oil  wells.  The  water  from  many  rock  wells  shows  at  the 
present  time  an  extremely  high  percentage*  of  chlorine,  and  it  is  ([uite 
possible  that  it  is  now  (hM'ived  from  that  source,  though,  because  of 
the  relatively  small  amount  delivered,  diffusion  does  not  allow  the 
result  to  y>Q  so  noticeable  as  it  may  in  tunc*  become  when  the  supply  is 
increased. 

It  has  been  shown  before  that  a  differentiation  of  the  refuse  from  an 
oil  well  may  be  expected  to  take  i)lace,  the  oil  remaining  undiftused 
and  comparatively  \wiiv  the  surface,  whih»  the  salt  water  sinks  down 
until  diffusion  destroys  the  disparity  existing  b(»tween  the  specitic 
gravities  of  thi*  brine  and  the  wat<»r  deriv(»d  from  rainfall.  There  is, 
then^fon*,  more  danger  arisin^^  from  the  complete  contamination  ofj 
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wells  near  the  surface  by  means  of  oil  than  in  the  case  of  deeper 
wells  from  brine.  This  is  true  especially  where  the  water  table  is 
lowered  through  excessive  pumping.  Any  oil  near  the  surface  will 
be  induced  to  assume  lower  and  lower  levels  until,  as  pumping  increasei?, 
it  is  drawn  into  the  pipe.  The  example  of  this  occurrence  quoted  below 
is  all  the  more  interesting  when  it  is  known  that  the  above  deduction 
was  reached  before  examples  of  this  sort  of  thing  were  known. 

*'On  December  1,"  writes  Mr.  Hulley,  ''the  water  wells  [24  on  the 
map]  of  the  Indiana  Brewing  Association,  at  Marion,  began  pumping 
oil.  They  are  160  feet  deep  and  in  gmvel.  They  are  flowing  welU, 
but  the  flow  not  being  suflicient,  pumping  by  means  of  air  lift  is 
resorted  to.  When  the  amount  of  oil  in  the  water  becomes  too  great 
the  pumps  are  stopped,  and  after  standing  for  some  time,  so  that  the 
wells  begin  to  flow,  oil  ceases  to  occur  in  the  water.  When  pumping 
is  resumed  no  oil  is  noticeable  until  the  water  level  is  lowered  consider- 
ably through  pumping."  Mr.  Hulley  says  further  that  the  oil  is  with- 
out odor,  showing  that  it  has  lieen  purifled  by  passing  through  sand 
and  gravel  and  that  it  has  evidently  gotten  into  the  ground  from  some 
distant  source,  as  there  are  no  oil  wells  near  by. 

There  are  thus  seen  to  be  two  chief  sources  of  danger  of  contamina- 
tion. Oil  and  brine  may  escape  between  the  casing  and  the  shale  and, 
rising  to  the  porous  or  fissured  layers  of  limestone,  may  contaminate 
the  water  th(»rein,  or  they  may  sink  down  through  the  soil  from  stag- 
nant ])()ols  of  refuse  iit  the  surfiice.  The  diing<'r  arising  from  the 
former  souice  s(»onis  to  be  very  small,  for,  considering  the  height  to 
which  the  oil  will  naturally  rise  and  tin*  fact  that  the  oil  wells  are  fre- 
(liiently  not  piimpiMl  for  a  day  or  two,  the  return  of  the  oil  from  the 
outside  of  the  casing  into  the  well  would  be  accompanii^d  by  an  inflow 
of  sand  which  would  be  destructive  to  the  well.  This  is  probablv  but 
seldom  the  case.  Wher<'  wells  have  been  sand  choked  it  has  not  as 
yet  been  delinitc^ly  proved  whether  the  source  of  the  sand  was  from 
abov(»  or  below .  the  difliculty  being  that  in  both  crises  it  would  be 
derived  from  limestone.  Tntil  this  danger  has  Ikmmi  proved  to  be 
actual  no  regulation  by  law  will  or  should  be  attempted. 

Regarding  the  latter  source  of  danger,  from  water  seeping  through 
the  soil  from  above,  there  is  pretty  conclusive  proof.  Moreover,  the 
evil  ert'ects  of  th(^  condition  are  so  widespn^ad  and  the  remedy  is  so 
siniph*  that  tln'  dis])osition  of  oil  n^fuse  should  be  made  a  subject  of 
legislative  enactment.  In  tlu^  country  districts  there  is  little  need  for 
vigilance  beyond  securing  the  ((uick  removal  of  oil  I'efuse  to  the  nearest 
stream  by  means  of  ditches  and  the  intelligent  selcH'tion,  with  refer- 
ence to  the  ])robal)le  movement  of  the  underground  water,  of  sites  for 
oil  wells.  It  is  in  the*  thickly  s(4tied  parts  of  the  State,  in  villages 
and  cities  when*  water  wells  are  more  numerous,  and  where  they  can 
not  always  be  properly  located,  that  the  need  for  i\  remedy  is  most 
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urgent.  The  oil  wells  are,  as  a  rule,  yielding  a  lavish  return  to  their 
owners,  and  there  is  no  reason  why  these  owners  should  not  be  com- 
pelled within  proper  limits  to  join  in  the  construction  of  sewers  which 
will  convey  oil  refuse  to  the  river. 

The  streams  in  this  region  are  all  more  or  less  polluted,  the  water 
having  an  exceedingly  unpleasant  odor  and  a  yellowish-white  color. 
This  is  the  color  of  the  brine  as  it  is  pumped  from  the  wells  and  is  due 
to  the  presence  of  sulphur.  From  time  to  time  public  interest  is 
aroused  by  the  unsightly  condition  of  the  streams  and  there  is  much 
discussion  in  regard  to  the  disposition  of  the  water.  In  Marion  the 
discussion  centers  about  Boots  Creek,  for  it  is  this  creek  which  runs 
through  the  city  and  is  thought  to  endanger  health.  At  the  present 
time  there  is  under  consideration  the  building  of  an  aqueduct  for  the 
ti'ansportation  of  this  water  to  the  Mississinewa. 

Regarding  the  healthfulness  of  these  streams,  it  is  noteworthy  that 
l^efore  the  beginning  of  the  oil  and  gas  industry  they  were  so  sluggish 
that  in  the  dry  season,  when  they  were  a  mere  succession  of  pools,  the 
stagnant  condition  of  the  water,  aided  by  the  addition  of  sewage  and 
foul  vegetable  matter,  resulted  frequently  in  typhoid  fever,  while  at 
the  present  time,  owing  to  the  steady  contribution.^  from  oil  and  gas 
wells,  there  is  active  circulation  of  water  throughout  the  entire  year. 

Dr.  W.  A.  Fanklx)ner,  of  Marion,  has  this  to  say  about  the  condi- 
tion of  Boots  Creek:  ''Its  condition  now  is  more  healthful  than  before 
oil  refuse  was  turned  into  it.  To  be  suns  to  some  people  the  odor  is 
unpleasant,  but  the  stream  is  not  overgrown  with  weeds  and  covered 
with  slime,  as  it  formerly  was  at  certain  times  of  the  year;  and  the  oil 
has  made  it  unpleasant  an  a  breeding  place  for  moscjuitoes."  He  also 
says  that  there  is  no  ground  for  the  charge  that  more  cases  of  typhoid 
fever  have  occurred  along  this  creek  than  along  other  creeks  but 
slightly  polluted. 

The  considemtion  of  all  the  foregoing  possibilities,  together  with 
the  fact  that  the  city  of  Marion  depends  for  its  water  supply  upon 
rock  wells  (the  surface  wells  not  supplying  an  adequate  amount), 
makes  the  danger  s(*em  very  grave. 

There  are  at  least  75  oil  wells  in  a  few  s(|uare  miles  of  territory 
near  Thirty.-eighth  Street  Bridge,  where  clay  does  not  overlie  the 
rock.  The  amount  of  oil  refuse  that  finds  its  way  into  the  limestone 
is  enormous,  200  or  3oo  surface  and  rock  wells  in  this  area,  according 
to  Mr.  Weigel,  suffering  contamination,  and  unless  this  refuse  is 
drained  off  into  the  river  and  not  allowed  to  sink  into  the  soil  the 
gravest  fears  may  be  entertained  for  the  continued  purity  of  the  city 
of  Marion's  wat<'r  supply.  A  number  of  these  wells  were  visited  and 
the  water  examined.  Among  them  were  those  belonging  to  Doctor 
Snodgrass  and  Messrs.  Vansky  and  Keene.  The  location  of  these 
three  wells  is  indicated  on  the  map  by  the  number  23  (p.  39).     In  other 
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places,  where  clay  overlies  the  rock  to  some  thickness,  the  present 
danger  may  not  be  so  great,  although  ultimately,  because  of  the 
nature  of  the  source  from  which  all  the  water  in  the  upper  limestone 
is  derived,  the  water  will  become  contaminated  even  at  these  places. 

With  reference  to  this  point,  it  has  too  long  been  the  custom  to 
make  light  of  a  situation  that  in  a  year  or  so  may  become  very  grave. 
Deeper  sources  of  good  water  are  unknown  in  this  part  of  the  State. 
The  shale  beneath  the  Niagara  limestone  yields  practically  no  water, 
the  little  it  does  yield  being  saline,  while  still  deeper  is  the  Trenton 
limestone,  full  of  oil  and  brine.  Neither  can  the  water  from  the 
streams  be  utilized,  the  constant  inflow  of  brine  and  oil  from  adjacent 
oil  wells  rendering  this  plan  impossible.  Here  practically  the  single 
source  of  the  water  supply  of  27,000  people  is  threatened,  and  yet  no 
adequate  interest  is  aroused  and  no  means  are  taken  to  prevent  the 
danger. 

The  plea  has  been  made  that  it  is  a  necessary  evil.  The  recent  epi- 
demic of  typhoid  fever  at  Butler,  Pa.,  was  due  to  just  as  ^^ necessary" 
an  evil,  but  that  outbreak  not  onl}'  made  the  so-called  necessity  appear 
diminutive  but  made  the  neglect  of  such  conditions  seem  criminal. 
It  is  not  inferred  that  the  same  disease  will  follow  the  contamination 
of  water  through  oil  and  brine,  but  it  is  inferred  and  emphasized  that 
the  discomfort  and  expense  attending  such  contamination  and  the  con- 
sequent lack  of  pure  water  may  result  in  evils  quite  as  great. 

It  is  not  sufliciont  to  bo^in  a  study  of  remedies  after  mischief  has 
be(»n  (lonr.  If  ovon  the  probability  of  pollution  of  city  water  is^ 
proved,  j)ronipt  means  should  be  taken  to  prevent  such  pollution. 


SUPPLEMENTARY  NOTE. 


By  Marshall  Ora  Leighton. 


To  carry  oil-well  wastes  as  directly  as  possible  into  running  streams 
of  water  in  accordance  with  the  plan  recommended  in  the  preceding 
pages  for  the  relief  of  ground-water  supplies  from  pollution  by  oil  and 
brine  involves  the  direct  pollution  of  the  streams  to  an  extent  even 
greater  than  they  are  now  contaminated  in  the  oil  fields.  The  ques- 
tion immediately  presented  i«  whether  it  is  better  from  an  economic 
standpoint  to  preserve  local  ground  waters  at  the  expense  of  surface 
waters  which  in  flowing  downstream  affect  wide  areas,  or  to  conserve 
the  interests  of  many  riparian  owners  below  and,  so  far  as  may  be  pos- 
sible, to  retain  these  wastes  in  the  immediate  localities  from  which  they 
are  derived.  It  may  be  argued  that  any  locality  in  which  oil  wells  are 
developed  has,  by  reason  of  that  development,  such  exti'aordinary 
ecomonic  advantages  that  it  may  well  afford  to  suffer  for  any  incidental 
loss  which  may  arise  from  waste  oil  and  brine.  And  is  not  the 
pecuniary  advantage  which  follows  the  discovery  of  oil  entirely  com- 
pensatory for  the  loss  of  water  resources^  On  the  other  hand,  if  the 
polluting  matter  is  turned  into  the  stream.s  it  destroys  the  value  of 
water  to  lower  riparian  owners,  who  at  common  law  have  a  right  to 
that  water  in  its  purest  natural  state.  The  result  of  such  procedure 
would  l)e  to  relieve  the  fortunate  oil  region  from  an  unfavorable 
feature  which  it  is  amply  able  to  bear — in  other  words,  to  enable 
it  further  to  enrich  itself  at  the  expense  of  districts  that  are  unaided 
by  the  presence  of  oil  deposits.  Yet  with  reference  to  the  other  side  of 
the  question,  it  may  be  said  that  if  all  possible  precautions  were  taken  to 
hold  oil  and  brine  waters  within  the  oil  regions  there  would  still  be  a 
pollution  of  rivers  nearly  if  not  quite  as  complete  as  would  arise  from 
carrying  out  the  plan  suggested  by  Mr.  Bowman.  There  is  no  doubt 
that  where  oil  deposits  are  developed  stream  pollution  is  inevitable. 
The  rain  which  falls  upon  the  earth  will  carry  with  it  oil  and  brine 
which  it  encounters  on  the  earth's  surface.  In  addition  to  this,  the 
percolating  water  will  reach  the  lowest  level,  and  whether  this  water 
l>e  rain  or  oil  and  brine  the  streams  will  still  be  polluted. 
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On  the  other  hand,  the  people  living  in  the  oil  ref^fions  mast  ha\ 
sweet  water  for  domestic  purposes.  This  is  a  necessity  which  trai 
scends  all  other  economic  demands.  As  shown  in  Mr.  Bowman^s  di; 
cossion,  the  rivers  in  the  Marion  region  are  already  unavailable  t 
sourcejs  of  pure  water  supply,  and  the  only  supply  remaining  is  groun 
water.  Therefore,  as  we  can  not  save  the  stream  and  can  save  tl 
ground  water,  there  appears  to  be  no  question  concerning  the  wisdoi 
of  accomplishing  the  latter  end.  Stream  pollution  in  this  case,  as  i 
certain  others,  is  a  part  of  the  price  paid  for  the  accumulation  c 
natural  wealth.  It  can  be  considered  an  inevitable  loss  with  equi 
nimity,  as  it  is  only  a  temporary  loss.  Oil  fields  in  time  become  es 
hausted  and  in  due  season  the  rivers  will  regain  their  pure  conditioi 
It  would  require  an  incomparably  longer  time  to  redeem  an  oil  an 
brine  besodden  eartli. 

All  things  considei*ed,  the  recommendations  set  forth  in  the  fort 
going  paper  seem  to  be  the  wisest  and  most  expedient  that  preset 
themselves  at  the  present  time. 
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INTRODUCTION. 
By  M.  L.  Fuller. 

The  present  paper  is  a  brief  summary  of  the  underground  water 
conditions  in  eastern  United  States,  prepared  to  meet  the  demands  of 
drillers  and  others  for  information  relating  to  the  general  water 
resources  of  the  various  States  or  of  specified  regions. 

The  detail  with  which  the  several  regions  or  subjects  are  discussed 
depends  mainly  on  their  relative  importance,  although  because  of  the 
greater  amount  of  work  done  in  certain  localities,  or  on  certain  prob- 
lems, it  is  possible  to  make  more  complete  and  definite  statements  in 
regard  to  the  underground  water  supplies  in  some  regions  than  in 
others.  The  included  reports  have  been  prepared  by  a  number  of 
geologists,  each,  in  general,  having  charge  of  the  investigations  in  a 
particular  State  or  group  of  States.  Because  of  the  number  of  con- 
tributors there  is  necessarily  considerable  variation  in  the  manner  of 
treatment  of  the  subject,  but  in  most  cases  the  same  general  plan  has 
been  followed. 

In  preparing  the  paper  simplicity  of  treatment  has  been  kept  in 
mind,  and  elaborate  geologic  discussions  have  been  omitted.  Wher- 
ever possible  maps  have  been  given  in  preference  to  long  and  possibly 
obscure  discussions.  In  some  instances,  however,  it  has  been  neces- 
sary to  describe  the  various  water-bearing  formations  under  their 
geologic  names.  Where  this  has  been  necessary  the  aim  has  been  to 
employ  those  terms  which  are  oldest  and  best  known  to  the  people  of 
the  States  to  which  the  discussion  relates. 

For  the  purpose  of  presenting  in  a  simple  manner  a  few  of  the 
more  important  features  relating  to  the  nature  and  occurrence  of  sub- 
terranean waters  and  of  making  more  intelligible  the  descriptions  o£ 
the  conditions  in  the  various  States,  there  is  given  a  short  paper  on 
the  general  occurrence  of  underground  waters. 
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(MrruuEXc^E  of  undercjround  waters. 


By  M.  L.  Fuller. 


SOl'llCKS  OF  GKOirN^D  WATER. 

In  jifcnenil  thost^  who  have  written  on  underground  waters  hare 
stjit«Ml  tliiit  niinfjill  is  the  only  source  of  underground  waters.  In 
reality,  however,  while  niinfall  [)ro})ahly  contributes  at  least  99  per 
cent  to  the  total  suhtermnean  water,  thei'c  are  several  other  possible 
sources  of  such  water. 

It  is  a  well-known  fact  that  in  coml  and  other  islands  of  porous 
inatiM'ial,  such  as  sand  an<l  jj^niveK  esjMH'ially  where  the  rainfall  is  light 
the  sea  water  penetrates  through  the  jKires  of  the  rock  for  a  consid- 
enihle  distance  inland.  Where  the  niinfall  is  heavy  the  salt  water 
may  be  (lisplac(»d  to  some  depth  by  fresh  water,  but  the  downward 
jMMietration  of  the  fresh  water  nuist  l)e  necessarily  limited.  In  other 
instances  sea  water  is  known  to  penetrate  along  solution  passages  or 
crivcrns  into  the  intiM'ior  of  limestones,  and  at  (Vphalonia,  in  Greece, 
a  stream  of  >alt  watiM*  l(»av(^s  the  sea  and,  i)assinjr  inland,  tinally  disap- 
])rar^  into  imhou^  liincston(»s. 

Hv  far  tin*  lariL^rr  ]>()rti()n  of  the  sediuKMitary  deposits,  includintr 
,sm(Ut()!i('^.  >halt's,  linie>ton(\s,  otc.  wen*  orii^inally  laid  down  along 
the  l)onlrr^  or  hriicath  the  surface  of  \\w  (Mvan  and  were,  of  coursi*,* 
originally  --aturatrd  with  >alt  watei'.  It  is  probable  that  this  water 
\Na>  often  retained  in  the  materials  when  thev  IxM'ame  consolidated 
into  i-oek^.  a!id  is  represiMited  by  the  salt  water  now  found  at  great 
de|>th>  ill  many  of  the  wells  drilled  for  oil  and  *j:as,  in  which  it  is  not 
uneommon  to  eiieounter,  aftiM*  passin^r  thront^fli  many  hundred  feet  of 
entirely  dry  roek.  ])<)r()us  beds  lilbnl  with  salt  watiM",  iH)ssibly  accom- 
panied l)y  n^:i«.  and  oil.  It  is  claimed  by  others,  however,  that  the  salt 
wati'rs  are  tiot  oii<,^inally  included  ])ortions  of  the  sea,  but  are  surface 
waters  which  have  become  charo;ed  with  miniM'al  matter  which  they 
have  dissolved  in  the  course  of  th(»ir  passaefc  throne;h  the  rock. 

Practically  all  vohanic  rocks  contain  water  when  they  are  erupt<Hl 
at  the  surface  and  all  eru})tionsar(*  accompanied  by  discharefcsof  large 
aniiiunts  of  steam.  The  occurrence  of  this  water  has  been  accounted 
for  in  several  ways.  It  nuiy  have  be(Mi  originally  included  in  the  r(M*ks 
which  were  meltetl  to  form  the  lava,  or  it  may  represent  waUn'  which 
IS 
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^  penetrated  downward  through  fissures-  and  come  in  contact  with 
e  molten  lava  on  its  way  to  the  surface. 


AMOUNT  OF   liAINFALL. 


The  rainfall  in  the  eastern  United  States  is, abundant,  and  although 
ily  a  portion  of  it  is  absorbed  by  the  earth  and  becomes  a  part  of  the 
bterranean  stores,  the  amount  is  sufficient  to  furnish  ample  under- 


FiG.  1.— Rainfall  map  of  eastern  riille<l  States.    Figures  represent  Inches  of  annual  rainfall. 

ound  supplies  for  a  lar^e  i)roportion  of  the  inha})itant^.  The  aver- 
e  rainfall  varies  from  20  to  nearly  70  inches,  the  lowest  l)eing  in  the 
treme  northwestern  portion  of  Minnesota.  Itiiin  to  a  depth  of  over 
inches  a  year  falls  on  the  Mississippi  deltii  })elow  New  Orleans  and 
)ng  the  Gulf  coast  from  near  Mobile,  M^i.^  \ft  T^^^aae^^^^^  ^N»- 
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Similar  amounts  fall  in  tho  higher  mountains  of  western  North  Caro- 
lina and  eastern  Tennessee,  along  the  coast  of  North  Carolina,  and  in 
the  Adirondack  and  White  moim tains.  In  the  Gulf  and  South  Atlantic 
States  the  rainfall  is  between  50  and  60  inches;  in  the  New  England, 
Central  Atlantic,  and  Ohio  River  States,  between  40  and  50  inches;  in 
the  Upper  Mississippi  and  Great  Lakes  States,  from  30  to  40  inches, 
while  in  northwestern  Iowa  and  most  of  Minnesota  the  rain&ll  18  only 
from  20  to  30  inches. 

DISPOSAL  OF  RAINFALL. 

The  rainfall  is  removed  from  the  surface  principally  in  three  whjb: 
(1)  By  evaporation;  (2)  by  run-off  through  the  streams,  and  (S)  by 
absoi*ption  into  rocks  and  unconsolidated  deposits. 

EmjM/ration. — Evaporation,  although  far  less  conspicuous  than  the 
other  methods  of  removal  of  the  water,  is,  nevertheless,  one  of  the 
most  imix)rtant.  The  amount  evaporated  depends  on  the  tempenfairB 
and  the  relative  dryness  of  the  air,  and  commonly  amounts  to  tmn  hslf 
or  more  of  the  total  water  falling  as  min.  Locally,  evapontiiNi  b 
dependent  to  ^  considerable  extent  on  the  density  of  the  vegelatioB, 
but  when  broad  areas  are  (considered  the  amount  of  vegetation  has  t 
less  conspicuous  effect  on  the  total  evaporation. 

Run-off.— The>  amount  of  run-off  is  dependent  partly  on  evapoiation 
and  partly  on  the  nature  of  the  materials  on  which  the  rain  falls.  The 
proportion  of  run-off  or  discliargc  to  the  total  rainfall  is  indicated  for 
the  Mississippi  and  its  tributaries  in  the  following  table:" 

Proportion  of  run-off  tit  rniu/nll  in  Mimnaijypi  baMn. 

Percent. 

Ohio 24 

^liwouri 15 

Upper  Missis.sippi 24 

Small  trilmtarioH 16 

ArkannaM  and  Whito 15 

Red 20 

Yazoo 90 

St.  FninciH 90 

Entire  ^lississippi  system 25 

The  run-off  of  streams  in  New  England  is  (considerably  greater. 
With  a  rainfall  which  avera^^es  from  4(>  to  50  inches  the  run-off  of  a 
number  of  streams  is  as  follow\s: 

Proffortion  of  rainfall  to  rHn-*)jf  in  Xew  England. 

Inches. 

Kennebce 22. 4 

Androseo^rpin 24. 2 

Merrimae 21. 3 

AhHorjttl^nt, — The  minfall  that  is  not  removed  })y  evaporation  or  by 
the  surface  streams  is  absorbed  by  the  soil  or  rocks  with  which  it 
comes  into  (contact,  either  directly  or  after  being  gathered  into  streams. 

^HumphTcys  and  Abbot,  Phys.  and  Uydrol.  of  Mississippi  River,  Washington,  1861,  p.  186. 
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Absorption  takes  pku*«  both  directly  and  indirectly.  In  the  case  of 
direct  absorption  the  rain  falls  upon  the  surface  of  the  rock  and  the 
water  is  absorbed  either  by  its  pores  or  by  the  fissures  or  cavities 
which  it  may  contain.  In  indirect  absorption  the  water  is  first  directly 
absorbed  into  loose  unconsolidated  deposits  overlying  the  solid  rocks, 
or  is  gathered  into  streams  flowing  over  their  surfaces.  In  those 
cases  where  the  rocks  are  directly  exposed  to  the  rainfall  the  water 
which  is  not  immediatel}'  absorbed  runs  off  and  either  enters  loose 
materials  or  is  gathered  into  the  streams  as  indicated.  The  unconsoli- 
dated materials  soon  become  saturated  to  a  certain  level,  and  this  rocks 
upon  which  they  lie  are  in  this  way  kept  constantly  in  contact  with 
the  water,  which  is  continually  absorbed. 

In  the  case  of  the  water  entering  the  sands  and  gravels  the  direc- 
tion of  the  movement  is  generally  toward  the  river  rather  than  away 
from  it,  but  in  arid  regions,  where  the  rainfall  is  slight,  waters  are 
often  absorbed  by  the  gravels  from  the  streams  which  have  come  from 
regions  of  greater  rainfall.  The  relative  amount  of  water  indirectly 
absorbed  by  the  rocks  is  far  greater  than  that  directly  received  through 
rainfall. 

PERMEABIIilTY  AND  STORAGE  CAPACITY  OF  ROCKS. 

Methods  of  ah8orptio7i,—Th(i>  amount  of  water  which  enters  the 
rocks  or  other  materials  by  direct  absorption  varies  greatly  with  the 
nature  of  the  materials.     The  amount  absorbed  by  the  porous  beds  of 


Fio.  2.— Aboorptive  conditions  of  oatcrop. 

sands  and  gravels  that  occur  along  stream  valleys  and  along  lake 
shores  and  the  coast  is  very  large.  In  some  regions,  as  in  portions  of 
Cape  Cod  and  Long  Island,  there  are  practical  I  j'  no  surface  streams, 
the  water  being  absorbed  by  the  soil  as  soon  as  it  falls  and  carried 
to  the  sea  by  underground  drainage. 

Next  to  unconsolidated  deposits,  the  rocks  which  present  the  condi- 
tions most  favorable  for  direct  absorption  are  the  sandstones  and  cer- 
tain of  the  porous  limestones.  In  the  case  of  the  granites,  slates,  and 
other  massive  rocks  the  direct  absorption  is  very  slight. 

Besides  the  character  of  the  material,  the  amount  of  absorption 
depends  very  largely  upon  the  inclination  of  the  porous  beds,  the 
amount  being  much  greater  in  the  gently  inclined  beds  tliau  la  tlL<^»^ 
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Imvinpf  stoi^p  dips.  Thus  in  tijj.  3  the  two  l)eds  represented  as  out- 
(•i«H)piiij!f  oil  ii  K'vrl  surfiu'o  ])rosont  widely  different  absorptive  condi- 
tions owin^  to  the  ditferenee  in  uren  of  their  al)sorptive  surfaoeew  the 
exiM>sed  surfare  of  tlie  jjfently  sloping  Jh.h1  {a' — I/)  beinf^  several  times 
j^reater  tlian  tliat  of  the  highly  inclined  hed  (a — h). 


V'u..  :;.     K«Iiiiioii  of  nrvia*  t*t  outcmi*  to  dip. 

fi(i/d!nif  jthntfs,  liinldinir  planes  are  the  surfaces  separating  beds 
of  stnitititMl  rock.  When*  the  diameter  of  the  nx'k  changes,  as  it 
fn*<im'iitly  (Um*s  alonir  these  l)eddin(>f  planes,  the  conditions  are  generally 
very  nincli  !nor<»  favt)nihle  for  the  passjijro  of  water  tluin  elsewhere  in 
the  rock.  The  same  is  true  in  iirn<M)us  rocks  where  two  types  of  rock 
come  to«]r(»tlu'r. 

Snhititm  rar*  rns,'  In  a  tVw  instances  waters  enter  the  ground  as 
dctiiiitc  stn^ams  tlirou»rli  *'av«M"ns  or  other  passajros  formed  by  the 
solution  of  limi'stoiic  and  other  similar  rock.  One  of  the  most  coiu- 
mom  methods  hy  whieh  wat«'r  enters  the  liniestxmes  is  by  means  of 
tiie  depressions  known  as  sink  holes.  These  sinks  are  due  to  the  cavinjr 
in  of  undeiyround  laviMiis  which  hav«*  pn»viously  lieen  formed  hy 
undeiyround  sd'eanis.  A  comiection  is  freipuMitly  maint4iined  throutrl* 
tlie^e  sjnk^  Ix'tween  the  surface  and  the  undei-oronnd  channels,  and 
th<'  wateix  faliiiiM;  (mi  the  siirtan*  (low  into  them. and  pass  downward  to 
join  (lie  iMHleiLToniid  >iip})Iie>.  IM.  I,  J,  shows  such  a  sink,  while 
V\.  I.  //.  *n1h»ux  mm  uiiderLi!'uiiM(l  ehainn'l  in  M»luhle  nn'k. 

F'lults.  A  tan  It  is  a  plane  or  fra<-tur(»  which  cuts  the  rocks  and 
alouiT  uhich  iiitjvemeiit  \\\\>  taken  place,  resultiiijr  iu  tin*  displacement 
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with  relati(ui  to  on**  another  of  th(»  rocks  on  the  opp(»sit<*  sides.  Some- 
times the  f;mlt  consists  of  a  sint^h*  plain*,  with  Mjlid  walls  on  either 
>i(lt\  M-^  indicated  in  lit^^  I.  ti.  hut  in  many  cases  there  are  really  a  mun- 
her  of  parallel  |)laii<'^,  very  clo>e  totrcther,  alon;/  which  slipping  has 
taken  ]>la<'e.  In  ^iich  in>tance^  tin*  rock  on  (*ither  sidi*  has  the  shecty 
appearance  indicated  in  the  crovs  section,  lie;.  1.  ^'.  1"  othiT  cases  the 
rocks  on  eitliiT  side  of  the  fault  plane  are  coni])letely  <'ru>lied  and  the 
fra<^niient>  iiMM'e  oj-  le>s  disturhed  with  relation  to  one  another.  In 
Mill  other  caM's  the  fnictures  an*  irn*^ular.  and  the  movement  of  the 
rocks  ha>  hecn  >uch  that  proj<*ctin<r  lx»intsconie  opposite  one  another. 
lcaviii«::iiiti*rveiiin^^cavitics,  as  shown  in  liji".  J,  '■. 
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The  conditions  for  the  imssage  of  water  are  least  favonihle  in  the 
ca«e  of  a  single  definite  fault  plane.  In  the  .sheeted  type  of  faulting 
the  conditions  are  somewhat  more  favora})le,  as  there  are  more  sur- 
faces along  which  the  water  can  penetrate.  Along  the  crushed  zones 
the  open  spaces  are  frequently  very  considerable  and  permit  the 
passage  of  large  amounts  of  water.  In  the  case  of  an  irregular  fault 
plane,  as  in  tig.  4,  ^/,  the  conditions  are  less  constant,  hut  in  general  such 
a  fault  w  ill  permit  of  the  iwssage  of  considemble  amounts  of  water. 

JoinU, — Joints  are  smooth  fracture  phines  cutting  the  rock  in  vari- 
ous directions.  The}"  differ  from  the  faults  in  that  there  has  lieen 
practically  no  motion  of  the  rocks  bordering  the  plane.  They  there- 
fore correspond  most  nearly  to  the  single  fault  jHane  described  above, 
and  likewise  present  relatively  unfavorable  conditions  for  the  passjige 
of  large  amount.s  of  water.  At  the  same  time  water  in  motlerat:e 
amounts  very  frequently  passes  along  such  planes,  esp(»cially  along 
th(^  line  of  intersection  of  two  or  more  planes.  PI.  II,  .1,  illustmtes 
an  outcrop  of  a  rock  ledge  cut  by  joints  in  two  directions  and  presents 
conditions  favonible  to  the  absorption  and  downward  passag(>  of  water. 

Ch'avmje, — Cleavage  is  the  name  applied  to  the  minor  planes  cutting 
the  ro<*k.  Unlike  the  joints  they  usually  run  in  only,  one  direction, 
and  are  frequently  not  actual  fmctures,  but  are  simply  lines  along 
which  the  rock  would  tend  to  split  under  favorable  conditions.  Cleav- 
age is  best  devoloped  in  fine-gmined  compaijt  rocks  of  wliich  the  well- 
known  roofing  slate  is  the  best  example.  PI.  II,  /?,  shows  a  mmiber  of 
these  cleavage  plan(\s  in  a  ledge  of  this  material.  Cleavage  does  not 
alford  as  ready  a  passage  for  the  water  as  the  other  features  descrilied. 

FollatfOH  and  s('Iifsto,s!ty, — Foliation  and  schistosity  are  features 
due  to  the  occurrence  of  the  minends  of  the  rock  in  thin  plate-like 
crystals  paralh^l  to  one  another.  The  arrangement  is  such  that  in 
many  instances  water  passes  with  some  readiness  into  the  rock  along 
the  planes  formed  by  layers  or  laminje  of  these  crystals. 

PivroHiUi, — Porosity  is  the  term  given  to  designate  the  amount  of 
iwres  or  open  spaces  l)etween  the  particles  of  which  the  rock  is  made 
up.  In  a  general  way  porosity  is  determined  l)y  the  amount  of  water 
which  the  rock  is  capable  of  absorbing.  The  amount  varies  greatly, 
being  least  in  the  compact  igneous  rocks  and  greatest  in  sandstones 
and  loose  sand.  In  the  following  table  are  given  the  amounts  of  water 
which  a  cubic  foot  of  sand  and  some  common  rocks  will  absorb: 


Material. 

Water  lib-   \ 
sorbed  per 
cubic  loot.  . 

10  ' 

2-0  1 

DolomiU 
Chalk  .. 

Material. 

Water  ub- 
KorlKHl  \ter 
cubic;  fof»t. 

Sand 

QitartH. 
1-10 

PolM<laiii  Biimlslonc 

8 

Tria.H8if  sandHloiic 

4  1 

(J  rani  to . 

rcVH 

Trenton  limestone 

1-11   1 
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PI.  Ill  showts  the  appcaniiicA}  of  two  sandstone  fragments  under  the 
microscope.  The  bliu*k  portions  in  these  sections  represent  what  were 
originally  open  spaces  l)etween  the  grains. 

OCCURRENCE  ANI>  A3IOUNT  OF  GROUND  WATER. 

Occurrence. — The  underground  water  which  has  been  derived  in  the 
various  ways  outlined  above  occurs  in  the  rocks  under  a  variety  of 
conditions.  A  part  occupies  the  siMu^es  along  the  bedding,  fault,  joint, 
and  cleavage  planes  and  a  part  occurs  in  the  solution  channels  and 
cavern>;  dissolved  in  the  soluble  rocks.  The  various  fracture  planes 
indicated,  while  very  minierous  in  the  aggregate,  neverthele^ss  c*om- 
prise  but  a  vefy  small  proportion  of  the  open  spaces  within  the  rock, 
as  they  are  limited  to  plane  surfaces.  The  pores,  or  spaces  lietween 
the  particles  which  make  up  the  ro<^'ks,  are,  on  the  contrar3^,  every- 
where present  throughout  the  entire  mass  and  constitute  by  far  the 
larger  proportion  of  the  open  space  in  the  rock. 

Aiuouvt, — In  general,  it  is  necessary  only  to  penetrate  a  few  feet  of 
strata  to  reach  a  zone  saturated  with  water,  the  depth  depending  upon 
the  amount  of  precipitiition,  being  least  in  regions  of  much  rainfall 
and  greatest  in- arid  regions. 

The  downward  limit  of  pcnetmtion  of  the  water  is  dependent  upon 
a  varietv  of  causes.  It  is  f  re(iu(Mitly  assumed  that  all  rocks  are  satu- 
nited  to  great  d(»pths,  tin*  limit  to  wliicli  the  water  will  pimetrate  being 
assumed  to  bo  thjit  point  at  which  the  w(»ight  of  the  rock  becomes  so 
(mormons  that  pores  botweiMi  the  particles  can  not  exist.  This  limit 
has  been  placed  at  about  (>  miles.  Practical  exi)erience  in  well  drilling, 
however,  shows  that  the  assumption  that  all  rocks  are  saturated  below 
a  moderate  depth  is  far  from  being  substantiated.  In  the  Pennsylvania 
and  New  York  oil  regions,  for  instance,  it  is  a  very  common  experi- 
ence to  encounter,  at  a  depth  often  of  only  a  few  hundred  feet,  rocks 
which  are  practically  destitute  of  water.  These  include  coarse-grained 
open  sandstones,  capa})le  of  holding  larg(»  amounts,  y(»t  as  far  tis  can 
})e  determined  they  are  a})solutely  dry,  it  l)eing  necessar}'  in  many 
instances  to  pour  in  from  the  to])  i\u\  water  necessary  for  the  process 
of  drilling.  In  some  instances  after  passing  through  these  water-free 
rocks  salt  waters  are  encountered,  but  it  is  very  rarely  the  case  that 
fresh  w^aters  are  found  below  the  dry  series.  In  some  instances  wells 
have  })een  drilled  several  thousand  feet  without  encountering  any 
water  whatever  l)elow  the  tirst  few  hundred  f(»et.  Although  the  rocks 
are  far  from  })eing  saturated,  slight  amounts  of  moisture  are  doubt- 
less held  in  the  pores. 

Notwithstanding  the  fact  that  the  depths  to  which  the  waters  pene- 
trate in  quantities  are  probabh'  nuich  less  than  is  frecjuently  assumed, 
there  is,  nevertheless,  an  enormous  amount  of  ground  water.  It  has 
been  estimated  that  the  avemge  pore  space  of  the  surface  rocks  is 
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ibout  10  per  cent  of  their  volume,  but  5  per  cent  will  probably  be 
*ound  to  be  more  nearly  correct. 

WATKR-BEARING  FORMATIONS. 

All  rocks  contain  more  or  les8  water  which,  as  pointed  out,  occupies 
either  cavities  in  the  rock  or  occurs  between  the  minute  pores.  The 
water  which  occurs  in  the  pores  is  given  up  readily  only  in  the  coarser 
rocks,  such  as  sandstones,  the  line-grained  rocks  yielding  very  little 
of  such  water  when  penetrated  by  the  drill.  In  these  rocks,  the  water, 
when  found,  usually  comes  from  the  joint,  fault,  or  foliation  planes. 
The  conditions  of  the  occurrence  of  water  in  the  various  rocks  are 
verj'  variable  and  are  descril)ed  in  the  following  pages. 

Sand  and  gravel. — Sands  and  gi-avels  are  very  porous,  30  per  cent 
of  their  volume  frecjuently  })eing  made  up  of  free  space  between  the 
grains.  In  such  materials  the  whole  mass  is  saturated  with  water 
below  the  water  level,  and  when  penetrated  by  wells  copious  supplies 
are  <|uirkly  yielded.  The  waters  are  generally  of  good  quality,  but  are 
sometimes  somewhat  mineralized,  the  material  being  derived  from  the 
more  soluble  fragments  and  particles  which  constitute  the  deposits. 

In  passing  downward  through  the  sands  surface  waters  are  sub- 
jected to  natural  filtration,  especially  in  the  finer  varieties,  and  the 
substances  with  which  they  may  have  originally  been  polluted  are  f re- 
({uently  removed.  In  the  coarser  types  of  sand,  and  in  gravel,  the 
water  passes  downward  more  nipidly,  the  conditions  are  less  favomble 
for  filtration,  and  the  waters  may  remain  polluted.  In  general,. how- 
ever, waters  from  sand  and  gravels,  if  taken  from  a  considerable  dis- 
tance below  the  surface,  are  safe  to  use. 

In  the  sands  and  finer  gmvels  the  cheapest  and  best  method  of 
obtaining  water  is  by  driven  wells,  which  can  be  sunk  quickly  and  at  a 
very  slight  cost.  In  the  very  fine  sands  or  quicksands,  however,  it  is 
very  difficult  to  exclude  the  material  from  the  pipes,  the  quicksand 
frequently  jx^netrating  the  well  and  clogging  the  pipe  or  ruining  the 
pump.  Because  of  the  readiness  with  which  sands  and  gravels  yield 
their  water,  wells  located  close  together  frequently  aflfect  one  another, 
the  lower  well  or  the  wells  which  draw  from  the  sand  at  the  lowest 
points  drawing  the  water  from  the  higher  wells.  The  readiness  of 
movement  of  the  water  is  also  the  cause  of  important  fluctuations  of 
level  of  the  surface  of  the  saturated  zone,  the  water  level  often  falling 
mpidly  after  wet  sea^ions.  To  secure  permanent  supplies  the  wells 
should  penetrate  to  the  level  which  the  water  surface  occupies  in  the 
driest  seasons. 

Ol<iy. — Clay  is  very  impervious  to  water,  and  in  itself  contains  little 
or  none  which  can  he  utilized  as  a  source  of  supply.     Water,  how- 
ever, is  frecjuently  reported  in  clays,  but  usually  comes  from  more  ^ 
or  less  sandy  hiyers.     In  some  cases  sand  which  approaches  clay  infl 
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fineness,  and  which  is  sometimes  mistaken  for  day,  yields  oonaiderable 
amounts  of  water,  day  is  of  the  greatest  importance^  not  as  a  water- 
bearer  but  as  a  confining  layer  to  porous  sands,  from  which  it  pre- 
vents the  water  from  escaping.  The  waters  of  clays,  because  of  the 
fineness  of  the  material,  come  into  contact  with  relatively  large  amounts 
of  mineral  matter  and  frequently  become  mineralised,  lime  and  salt 
being  the  most  common  substances  dissolved.  The  waters  of  clays 
are,  as  a  rule,  free  from  contamination.  When,  because  of  the  absence 
of  other  sources,  it  is  necessary  to  obtain  suj^lies  from  clay,  a  well 
should  be  sunk  with  as  large  a  diameter  as  possible  and  continued 
beneath  the  point  at  which  the  water  is  obtained  to  a  sufficient  depth 
to  furnish  ample  storage  capacity,  as  clay  waters  are  slight  in  amount 
and  are  yielded  very  slowly.  Dug  wells  are  usually  most  satisfactory 
where  the  clay  is  near  the  surface,  but  such  wells  (diould  be  carefully 
covered  and  guarded  from  all  sources  of  pollution  (see  fig.  6). 

IfU. — ^Till  is  a  heterogeneous  mixture  of  clay,  sand,  gravel,  and 
bowlders,  deposited  by  glaciers  in  the  northern  portion  of  the  ooun- 

try.     In  texture  it  varies  from 

porous  to  impervious  aooordinpf 
i  ^  whether  sand  or  day  predoni- 

I  inates.     It  is  seldom  definitely 

I  bedded.    The  water  generally  oi'- 

Fio.  6.-Reutivo  hUc  and  atonge  cafwcity  of  dog  ^urs  in  Small  more  or  less  tubular 

and  drilled  wells.  ,  i        «        •      ■        .      i. 

channels  a  few  inches  m  diameter, 
but  occasionally  is  distributed  through  intcrstnitified  sandy  beds. 

In  the  aggregate  the  till  yields  a  large  amount  of  water,  l)eing  the 
source  of  supply  in  the  ruml  districts  at  a  great  number  of  points 
throughout  the  entire  northern  portion  of  the  country.  Because  of 
the  occurrence  of  the  water  in  definite  channels,  however,  the  succej^s 
of  wells  varies  greatly.  In  general,  wells  of  large  diameter,  similar 
to  those  described  in  the  preceding  paragraph,  give  the  best  success. 
Fig.  5  represents  two  wells  of  the  same  depth,  one  of  the  dug  type 
and  one  of  the  bored  type.  It  will  be  seen  that  in  the  well  of  the 
dug  type  not  only  is  a  larger  amount  of  material  encountered  in  cross 
section,  but  that  the  area  of  surface  from  which  water  can  enter  is 
many  times  greater  than  in  the  well  of  the  bored  type.  The  o|x^n 
well  also  presents  larger  storage  possibilities,  it  being  thus  possible 
to  utilize  small  supplies,  which  would  be  insufficient  in  the  case  of  the 
bored  well. 

The  water  of  the  till  is  generally  uncontaminated  because  in  its 
downward  i)enetration  through  the  clay  of  whicli  the  till  is  in  part 
composed  it  is  subjected  to  natuml  filtration.  If  the  water  becomes 
polluted,  however,  it  ma}'  retain  its  dangerous  chanicter  for  a  long 
period  of  time  and  for  considerable  distances. 
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Sandstone^  conglomerate^  and  rptartzite.—Stindi-itone  is  on  the  whole 
he  best  water-bearer  of  the  solid  rocks.  Under  the  most  favorable 
^nditions  the  rock  is  saturated  throughout  its  extent  below  the  regular 
fTound-water  level,  and  water  is  yielded  wherever  the  sandstone  is 
struck  by  the  drill  within  these  limits.  The  water  is  yielded  freely  as 
I  rule,  although  in  some  of  the  finer-grained  sandstones  it  flows  less 
readily.  In  quality  the  water  averages  better  than  in  any  other  mate- 
rial except  jjand  and  gravels.  It  is  almost  never  polluted,  and  wells 
3an  generally  l^e  safeh"  used  if  they  are  cased  to  keep  out  the  surface 
waters.  The  drilled  type  of  well  is  utilized  except  wheri  the  sand- 
•^tone  is  very  near  the  surface. 

Conglomerates  sometimes  furnish  considerable  water  supplies, 
ulthough  as  a  rule  their  absorptive  powers  are  not  so  great  as  those 
of  sandstones,  and  they  are  much  less  frequently  encountered. 
Quartzite  is  a  sandstone  in  which  the  spaces  between  the  grains  have 
l>een  filled  by  hard,  siliceous  matter.  Because  of  the  filling  of  the 
pores  by  this  material  there  is  relatively  little  chance  for  the  water  to 
enter,  and  the  rocks  are  not  commonly  an  important  source  of  water. 

S/ate. — Slate,  like  clay,  is  a  poor  water  IxMirer,  but  may  yield  water 
from  liedding,  joint,  cleavage  planes,  etc.  Its  most  important  use, 
however,  is  as  a  confining  layer  to  prevent  the  escape  of  water  from 
porous  sandstones  which  may  be  interl)edded  with  it.  The  w^aters  are 
reached  by  deep  wells  and  are  generall}^  uncontaminated. 

Llmi'stime, — ^The  waters  of  limestone  occur  jnainly  in  open  channels, 
wiverns,  etc,  dissolved  in  th(5  rock  by  the  water  itself.  The  water 
originalh'  probably  followed  joint  or  bedding  planes,  which  were 
gradually  enlarged  by  solution  into  the  caverns  which  we  now  find. 


Fi(}.  r».— DifTtTi'iiro  in  conditions  of  adjacent  wells  in  limestone 

The  occurrence  of  caverns  and  passages  within  the  limestone  is  very 
irregular  and  their  location  can  seldom  be  predicted.  Most  deep 
wells,  however,  which  are  drilled  in  limestone  regions  encounter  one 
or  more  such  passages  at  a  relatively  slight  depth  from  the  surface. 
Wells,  even  whore  only  a  few  feet  apart,  nevertheless  often  obtain 
very  different  results,  as  a  difference  of  a  foot  or  two  frecjuently 
means  the  missing  of  a  certain  channel,  as  indicated  in  fig.  0.  Th( 
waters  are  generally  hard,  l>ut  are  not  conmionly  otherwise*.  vvuw^.v^V 
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ized.  There  is,  however,  a  considerable  likelihood  of  pollution,  due 
to  the  fact  that  much  of  the  waters  of  the  underground  Htreams  in  tbe 
limestone  have  found  their  way  downward  through  sink  holes*  carry- 
ing with  them  more  or  less  surface  wash  (see  PL  I,  A), 

Granite^  gneiss^  and  schist.  — ^The  granites  and  gneisses  are  very  deoBe 
and  possess  very  small  pore  spaces,  and  the  body  of  these  rocks  hold 
very  little  water.     In  schists,  however,  considerable  water  often  pene- 


Fui.  7.— Woll  in  jointed  rock. 

trates  alon^  tho  foliation  planes  and  is  held  by  the  rock,  but  such  water 
is  jifivcMi  up  very  slowly  and  is  not  of  importance  as  a  source  of  supply. 
It  is  jilon^  tlie  joints  that  the  largest  supplies  are  obtained.  These 
joints  are  most  common  near  the  surface  and  dhninish  in  number  and 
in  detiniteness  as  d(»pth  increases.  For  this  reason  the  water  supplies, 
if  o!)t4iined  at  all,  are  generally  found  within  200  or  300  feet  of  the 
surface.  It  is  generally  useless  to  go  deeper  than  500  feet  for  waters 
in  these  cryst4iliine  rocks,  although  in  some  instances,  as  at  Atlanta, 
water  supplies  have  !)een  obtained  at  depths  as  great  as  1,600  feet 
The  joints  generally  occur  in  complex  systems  of  intersecting  planes, 
and  it  is  j)ossi))le  for  polluted  water  starting  very  near  the  mouth  of 
the  well  to  pass  in  a  zigzag  course  downward  along  the  joints,  finally 
reaching  the  well  at  a  depth  of  man}-  hundred  f(»et  (fig.  7),  as  was  the 
case  in  a  well  at  AtlantJi,  (la.,  which  finally  had  to  be  abandoned.  For 
tliis  reason  wells  drilled  in  igneous  rocks  in  cities  and  other  thickly 
populat(»d  regions  are  liable  to  become  polluted.  Waters  from  sucli 
wells,  if  they  are  to  be  used  for  drinking  purposes,  should  be  tested 
occasionally  to  d(»termine  the  possibilit}^  of  pollution. 


TEMPKIlATUllE  OF  UNDKUGROUXD  WATERS. 

In  all  wells  there  is  a  certain  depth,  which  differs  in  different  locali- 
ties, at  which  there  is  practically  no  difference  in  the  temperature  of 
the  water  from  season  to  season  or  from  year  to  3'ear.     This  is  known 
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as  the  normal  temperature  of  the  water  for  a  given  region,  and  it 
agrees  very  closely  with  the  mean  annual  temperature  of  the  same 
locality.  The  depth  of  uniform  temperature  varies  somewhat  in  dif- 
ferent localities,  but  is  commonly  from  50  to  60  feet  below  the  surface. 
The  temperature  varies  from  about  40*^  or  45^  in  New  England  to 
about  65^  or  70^  in  the  Gulf  States. 

Waters  occurring  nearer  to  the  surface  than  the  zone  of  unifonh 
temperature  vary  in  temperature  according  to  season,  being  warmer 
than  the  normal  in  summer  months  and  colder  in  the  winter  months. 
The  temperature  of  waters  warmer  than  the  normal  may  also  be  due 
to  the  great  depth  from  which  the  waters  have  come. 

The  main  cause  of  rise  in  temperature  below  the  line  of  invariable 
temperature  is  the  internal  heat  of  the  earth.  This  internal  heat 
increases  rapidly  downward,  the  rate  of  increase  varying  from  1^  in 
SO  feet  to  1^  in  100  feet,  the  average  increase  being  about  1^  to  50 
feet.  The  temperature  of  the  water  is  very  little  affected  in  passing 
through  the  upper  50  feet  of  its  course,  hence  its  temperature  is  a  fair 
indication  of  the  depth  from  which  it  is  derived. 

Besides  the  internal  heat  of  the  earth  the  heat  of  igneous  masses 
below  the  surface  of  the  earth  has  been  thought  to  give  rise  to  the  hot 
springs  of  many  localities,  and  in  some  instances  the  heat  evolved  by 
the  chemical  decay  of  rocks  has  been  cited  to  explain  the  temperature 
of  hot  springs. 

RECOVERY  OF  UNDERGROrTND  WATERS. 

Water  is  returned  to  the  surface  in  three  general  ways:  (1)  By 
seepage,  (2)  by  springs,  and  (8)  by  wells.  A  brief  discussion  of  each 
method  is  given  in  the  following  pages. 

SEEPAGE.  I 

Although  a  relatively  obscure  method,  seepage  is  of  great  importance 
in  returning  water  to  the  surface,  especially  in  sands  and  gravels. 
Seepage  water  does  not  occupy  definite  channels,  but  fills  the  pores 
between  the  component  grains  of  the  various  surface  or  other  deposits. 
It  emerges  at  the  surface  whenever  the  water  level  within  the  deposits 
becomes,  through  additions  from  rainfall,  etc.,  higher  than  that  of  the 
lowest  depressions  or  level  of  the  surface.  Sometimes,  as  on  the  south 
side  of  Long  Island  and  elsewhere,  the  waters  seep  out  from  the  sands 
over  extensive  areas  along  the  shores  a  few  feet  above  sea  level.  In 
such  places  the  water  frequently  does  not  gather  into  definite  chan- 
nels, but  fonovs  more  or  less  extensive  fresh  marshes,  and  gradually 
works  its  way  into  the  sea.  More  frequently,  however,  seepage  waters 
emerge  in  stream  channels  and  other  depressions.  In  some  cases, 
the  water  enters  the  stream  at  or  just  above  the  surface,  but  in  mom 
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iiisljinces  llio  nmin  supply  ontors  Ik'Iow  the  water  level  along  the  8idc>s 
ami  bottom  of  the  channel. 

The  distinction  between  seejxif^e  and  springs  \s  not  sharp.  The 
term  •'sprinjr"  is  usually  limited  to  those  occurrencejs  where  the  water 
comes  out  at  si  d(»linite  iK)int,  or  at  least  <»merges  fmm  a  restricted 
an»a,  but  wat<M-  that  often  appears  at  the  surface  as  general  soepajre 
is  often  found,  on  cxcavatinuf  at  its  jK)inl  of  emergence,  to  come  from  a 
detinite  channel,  and  to  approach  a  true  spring  in  character. 

sruixiis. 

Springs  arc  not  only  exct^edingly  numerous  throughout  kirge  por- 
tions of  the  east<Mn  Tnited  Stati's,  especially  in  the  more  rugged 
regions,  !)ut  form  a  most  important  source  of  water  suppl\\  In  many 
of  the  hilly  districts  th(»y  constitute',  in  fact,  almost  the  only  sourceof 
donu'stic  supply.  In  gencnil  they  tire  free  from  pollution  and  not  too 
strongly  miiMM-jilizcd  for  ordinary  uses.  .Mineral  springs,  however, are 
not  unconunon,  and  arc  much  used  for  medicinal  and  table  pur|X)scs. 
and  have  lead  to  the  (h^velopment  of  sanitariums  and  many  hirge  and 
popular  j)leasure  resorts. 


1 


Kit;.  s._ljn«>  r.|"  iiiiili'ifi.i.u  iiii<»  i-li.nmcl. 

St, />,/,/,  .yt/nn/.s.  Thi^  term  is  ;ipplie«l  wIhmi  tlu'  water  seeps  out  of 
>:md  »)i'  LTiivei.  Mild  ditleis  fi'om  iLi"«'neral  M'cpagi'  only  in  that  it  is 
iH*>irie!<Ml  to  :i  \rv\  >iiiall  area.  Such  >prin;i<  are  usually  marked  by 
alMMidaiit  ve^^e!ati<m  at  point- of  «'meri:-enee.  and  the  water  as  it  col- 
le»'!>  is  «>ften  eoioi'ed  or  i-arrie.-  an  <»ily  ><um  «liie  to  the  decomposi- 
tion «)f  ve^*-etal»le  matter.  Tlu'  -^cuin  i>  «>t'leii  mistaken  for  i)etroleuni. 
liefor*'  ii-in<i- -ihh  a.-prinj^-  the  vci^j'taiioii  >lionld  he  cleared  away  and  Ji 
•-mall  reservoir  eon>tnicte«l,  orlaidx  >miU  in  tlu'  Lji'ound. 

The  \valer>  of  the  -ec|)a;^r  >prinLi>  ii>ually  come  from  no  great  dis- 
taiK-e  lieiiealh  the  >iiit'ace  tuid  are  not  usually  \t'ry  cold.  Ikdng  fed  by 
water--  eoiiiiiiLi'  from  near  the  smfaee  they  are  sometinavs  likely  to 
become  j)olliit<'(l.  and  local  condition-- --hoiiM  he  carefully  studied  before 
the  water  i-  ummI  t'or  drinkin«j\ 

Scepap*  >prini:-  --ometinie.-*  cnierti'e  aliJUi:"  the  t<»p  of  an  underlj'injj 
imp»M'viou>  bed.  Imt  mon^  freipuMitly  occur  \vher<*  valleys  are  cut  down- 
ward into  the  /one  of  saturation  of  a  Mi<»n*  or  le--  uniform  water-bearing 
depo--it.  or  where  the  water  table  eonie>  to  the  >nitace  near  a  stream, 
a  lake,  or  the  -ea.  Cnder  fa\(H'al)le  condition-  the  seepage*  from 
>aiKl>.  a>  on   Long  l>land.  gather>  into  ehaimcK  and  forms  streams  of 
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onsiderable  size,  Home  of  them  flowing  5,0(X),00()  gallons  or  more 
laily. 

Sjrringa  from  definite  underground  channels. — In  this  group  is  era- 
)raced  a  great  variety  of  springs,  inohiding  both  those  flowing  in  the 
mall  more  or  less  tubular  passages  in  the  drift,  and  those  occupying 
urge  solution  channels  or  caverns  in  the  soluble  rocks. 

The  channels  of  the  drift  springs  are  genemlly  established  along 
oiue  more  or  less  sand}'  or  other  porous  layer,  or  even  in  places  along 
he  path  left  by  a  decji^Mng  root.  At  first  the  motion  appears  to  be 
nainly  by  seepage,  but  in  many  instances  a  passageway  is  gradually 
)pened  along  which  a  definite  stream  finds  its  way.  The  waters  reach 
he  channels  by  percolation  through  the  clays  and  sands,  and  are 
isually  free  from  pollution.  If  such  a  channel,  however,  leads  from 
I  cesspool,  or  similar  source  of  pollution,  the  water  becomes  highly 
charged  with  matter  dangerous  to  the  health.  Once  contaminated  it  is 
ikely  to  continue  so  for  long  distances,  as  little  natural  filtration  takes 
ilace,  owing  to  the  nature  of  the  channel.  The  water  should  be 
horoughly  tested  by  a  chemist  if  there  seems  any  likelihood  of  con- 
amination. 

In  limestones  and  other  soluble  rocks  the  underground  passages  are 
)ften  many  miles  in  length.  Single  piussages,  as  in  the  Mannnoth 
.'avc  of  Kentucky,  have  !)een  traversed  for  a  distance  of  nearly  10 
niles,  while  passages  as  yet  undiscovered,  !)ut  several  times  as  long, 
probably  exist.  8ome  of  those  passages  are  many  feet  in  diameter 
md  are  traversed  by  streams  of  consideni))le  size,  or  even  rivers.  The 
>ilver  Springs  of  Florida  give  rise  to  a  river  which  is  navigable  from 
he  ocean  to  its  source  in  the  springs,  while  springs  of  similar  volume 
)ccur  elsewhere  in  Florida  and  Arkansas,  and  possi))ly  elsewhen*.  The 
ivaters  of  such  springs  vary  greatly  in  composition,  although  most 
)t  them  are  hard.  Some  waters  are  exceedingly  clear,  the  bottoms  of 
springs  being  distinctly  visible  at  a  depth  of  many  feet,  but  in  others 
:he  waters  are  muddy  after  severe  storms.  In  the  first  citse  it  is 
probable  that  the  waters  feeding  the  underground  stream  reached  it  by 
percolation  througli  the  porous  earth  or  rock,  during  which  itsimpuri- 
ies  were  largel}'  removed.  In  the  sinond  case  the  waters  in  part 
ippear  to  have  pcMietrated  downward  through  sinks,  or  entered  the 
•ock  directly  as  streams.  In  both  cases  they  are  very  liable  to  pollu- 
ion  by  impurities  washed  in  w-ith  the  water  (see  PI.  I). 

Flitfiurc  Hi>r!n(jx, — The  term  fissure*  springs  is  here  used  rather  com- 
[)rehensively  to  in(;lud(i  tlie  springs  issuing  along  iK^dding,  joint,  cleav- 
ige,  or  fault  planes  (PI.  I V , .  1 ).  The  distinguishing  feature  is  a  break  in 
t;he  rocks  along  whieli  tlu*  waters  can  pass,  it  being  innnaterial  whether 
my  considerable  open  space  exists.  These  springs  differ  from  the 
preceding  in  that  they  are  as  a  class  of  deeper-seated  origin.  Seepage 
md  drift  springs  are  largiOy  confined  to  unconsoUdatAid  ^w.Yl'iawvi^  ijJi.- 
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posits,  while  the  channels  of  limestone  springs  do  not  ordinarily 
extend  much  below  the  level  of  the  surrounding  surface  drainage.  In 
fissure  springs,  on  the  other  hand,  the  waters  are  frequently  derived 
from  great  depths,  as  is  attested  by  their  temperatures.  The  waters 
are  almost  never  subjected  to  contamination,  but  are,  however,  often 
highly  mineralized.     Springs  of  this  class  are  often  scattered  along 


Co/d  spring 


Fig.  y.— Map  nhowiiiK  location  of  springs  along  faults  or  joints  near  South  Britain,  Conn. 

(After  Hohbs.) 

stmight  linos  for  coiisidenihlo  distances,  their  position  being  deter- 
mined !)v  lines  of  fracture  or  jointin<(,  as  shown  in  tig.  1). 

Geysers. — (icyscrs  are  tliose  springs  in  which  at  more  or  less 
regular  intervals  tlie  water  is  ejected  with  some  force.  The  waters 
are  always  warm  or  hot  and,  therefore,  come  from  considerable 
depth,  (xcyser  springs  generally  emerge  from  tubular  conduits  that 
are  lined  with  silica,  deposited  by  the  water,  and  end  at  the  surface  in 
a  cone  of  similar  material.  The  ejection  of  the  water  is  probably  due 
to  the  expelling  force  of  steam  generated  deep  below  the  surf acc  under 
certain  peculiar  conditions. 
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WELLS. 

Wells  are  of  three  general  classes:  (1)  Dug,  (2)  driven,  and  (3) 
drilled  or  bored.  A  few  paragraphs  will  be  devoted  to  their  consid- 
eration, but  detailed  discussions  will  not  be  attempted. 

Dug  wdh. — Dug  wells  are  especially  adapted  to  loose  unconsolidated 
surface  deposits  in  which  the  water  supply  is  rather  scanty.  They 
present  a  large  surface  from  which  the  water  can  enter  and  have  a 
large  storage  capacity,  but,  on  the  other  hand,  they  must  necessarily 
be  of  limited  depth,  and  because  of  the  difficulty  in  keeping  out  sur- 
face and  shallow-soil  waters  and  other  materials,  are  especially  liable 
to  pollution.  They  are  also  quite  expensive  and  need  to  be  frequently 
cleaned.  They  are  undesirable  if  sufficient  supplies  can  be  had  by 
driving  or  drilling. 

Driven  wells, — Driven  wells  consist  of  a  pipe,  with  strainer  and 
pointed  end,  which  are  driven  into  sand  and  similar  soft  deposits. 
They  can  be  put  down  in  a  few  hours,  are  exceedingly  cheap,  and 
effectively  exclude  surface  waters.  The  principal  difficulty  arises 
from  the  penetration  of  sand  and  the  clogging  of  the  pipe.  Driven 
wells  furnish  ideal  supplies  in  many  sandy  regions,  but  are,  of  course, 
not  adapted  to  the  conditions  existing  over  the  greater  part  of  the 
country. 

Drilled  and  hored  wells. — These  include  those  wells  drilled  by 
machinery  in  rock  or  other  deposits.  Many  different  methods  of  dril- 
ling are  employed,  the  one  used  at  a  particular  point  depending  upon 
the  material  to  be  encountered  or  upon  the  nature  of  the  well  demanded. 
Among  the  most  common  are:  (1)  The  ordinary  churn-drill  method, 
in  which  the  drill  is  rapidly  lifted  and  dropped,  forcing  its  way  down 
by  impact;  (2)  the  diamond-drill  method,  in  which  a  cylinder  set  at 
the  bottom  with  diamonds  is  rotated,  cutting  out  a  core  of  the  rock; 
(3)  the  steel-shot  method,  in  which  loose  chilled  steel  shot  takes  the 
place  of  diamonds,  and  (4)  the  jet  process,  in  which  a  current  of  water 
is  forced  from  the  lower  end  of  the  pipe  and  by  loosening  the  sur- 
rounding material  allows  the  latter  to  sink.  Many  other  methods  or 
modifications  are  in  use.  PI.  IV,  B^  represents  one  of  the  deep  drilled 
wells  yielding  flowing  water. 

PUMPS. 

In  raising  water  to  the  surface  a  variety  of  methods  are  used,  but 
except  for  the  bucket  of  the  open  wells  they  all  depend  upon  some 
type  of  pump.  Of  the  hand  pumps,  the  ordinary  valve  pump,  the 
chain  pump,  and  the  force  pump  are  the  most  common.  For  i*aising 
large  supplies  windmills  usually  afford  a  cheap  and  satisfactory  method 
on  the  farm,  but  in  industrial  establishments,  where  not  only  a  large 
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but  a  constant  and  steady  .supply  is  ncodod,  nome  form  of  power  pump 
is  used.  Pilectricity,  »U>aui,  and  ^isoline  are  all  used,  the  latter  being 
ospeciall}''  popular  because  of  cbeapness  and  ease  of  operation.  Varions 
forms  of  "air-lift"  processes,  by  which  water  is  lifted  by  a  current 
of  air  that  is  forced  into  the  well  tubing,  are  successfully  used. 

ARTESIAN  FLOWS. 

ESSENTIAL  CONDITIONS. 

Strut  If rd  h>(h, — In  1SS5  Prof.  Thomas  C.  Chamberlin,  in  a  papr 
entitled  "'Iteiiuisite  and  Qualifying  Conditions  of  Artesian  Wells,''" 
explained  the  principles  of  artesian  flow,  and  called  attention  to 
many  of  the  special  conditions  which  tend  to  determine  the  success 
or  faihire  of  t  lieso  wi»ils.  The  conditions  which,  according  to  Professor 
Chamberlin,  may  proi)erly  )>e  considered  as  those  of  true  artesian  flow 
are  as  follows: 

I.  A  jHTvious  Htratmii  to  iwniiit  tho  entrantv  ami  the  pasRa^  of  water. 
II.  A  Avat^T-tij^ht  IhmI  Ih*1ow  to  i)ri»vent  the  t»«cape  of  water  downward. 

III.  A  like  iiniHTvious  IhmI  alM)ve  to  prevent  theescai)e  upwar^l,  for  the  water,  being 

under  pressure  from  the  fountain  head,  would  otherwise  find  relief  in  that 
direction. 

IV.  An  inclination  of  these  IhhIs,  so  that  the  tnlge  at  which  the  waters  enter  will  Ih» 

higher  than  the  surface  at  the  well. 
V.  A  suitable  exposure  of  the  tMlge  of  the  porous  stratum,  so  that  it  may  take  in  a 

sul!ici<*iit  snj>p]y  of  water. 
\'I.   .\n  a«le«iuat('  rainfall  to  lurnish  this  supply. 
VII.  An  absence  of  any  escapi^  lor  the  water  at  a  lowtT  level  tlian  the  surface  at  the 
well. 

Some  of  the  foaturos  outlined  above  are  illustrated  })y  the  followintf 
(lia<iframs  taken  from  Professor  Cham])erlin's  report.     There  are  many 
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Fni.  10.— .St'ftion  showing'  i>riiu.'ii»iil  n•<lIli^il(••^  «.r  arUNinii  wi'lls.  J.  a  porous  .•.tmtum;  7?.  C,  imptirvi- 
ous  ImmIx  l)i'Io\v  jiiid  a1>ovr  .1,  jK'iiiiK  ji?*  ronrmiuu  ^tratji;  1\  lu'ij:ht  of  waUT  level  in  ]K)rous  ImhJs  J, 
or,  ill  otlxr  wonis,  height  of  reservoir  or  fountain  heiul;  IK  K,  Ilowing  welKs  springing  fri>in  the 
ptirous  uuler-lilled  betl  -1. 

other  minor  (tonditions  and  modilieations  of  the  requisites  outlined 
aho\  (»  which  beav  on  the  oeciirrenee  of  artesian  waters,  hut  the  essen- 
tials are  here  ^iven. 

Joi.its  (fftfl  f(nf/fs.—-V\{)\\\n^  water  is  not  confined  to  those  wells 
wliich  penetrate  !)eds  under  th<'  conditions  outlined  !)y  Professor 
Chamberlin.  The  principle  on  wliich  artesian  waters  di^pend  is  equally 
applicahh*  to  other  rocks,  th(^  essential  feature  heinef  simply  that  the 
water  he*  confined  and  that  the  outlet  throu<di  the  well  he  considemhlv 
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lower  than  the  catchment  area  at  which  the  water  entered.  A  bedding, 
joint,  or  fault  plane,  or  other  tissure  in  insoluble  rocks,  or  a  solution 
passage  in  limestones,  sometimes  affords  favorable  conditions  for  arte- 
sian flows,  although  because  of  their  commonly  limited  development 


Fig,  11.— Section  illustrating  thinning  out  of  porous  water-bearing  bed  A,  inclosed  between  imper- 
vious beds  B,  C\  thus  furnishing  conditions  for  artesian  well  D. 

they  are  far  less  frequently  encountered  than  the  broad  porous  sand- 
stones and  other  sedimentary  beds. 

Besides  occurring  along  bedding  planes  or  along  joint  or  fault  planes 
water  frequently  follow  s  a  combination  of  passages,  such  as  indicated 
in  fig.  13,  which  shows  an  inclined  bed  cut  by  a  joint,  the  motion  of 

JL         A      c 


Fig.  12. — Section  showing  trauHition  from  porous  to  imperviou.s  bed.    A,  a  close-textured,  impenrious 
bed,  inclosed  between  impervious  beds  B  and  C,  furnishes  conditions  for  an  artesian  well  D. 

the  water  being  indicated  by  the  arrow.  Exactly  the  same  conditions 
might  occur  if  the  bed  h  were  to  be  replaced  by  a  joint  or  fault  plane 
of  the  same  position. 

Direction  of  movement  <tf  vmtei\ — In  the  majority  of  cases  the  water 
encountered  by  wells  is  moving  down  the  dip  of  the  beds  or  down  the 


Fig.  13.— Upward  rirculatlon  of  water  along  joint. 

joint  or  fault  line,  but  in  many  instances,  as  in  the  cases  outlined 
above  and  illustrated  in  tig.  13,  the  water  may  be  moving  upward. 

UNDERGROUND  WATER  CONDITIONS  IN  EASTERN  UNITED 

STATES. 

There  are  grout  ditloroiieos  in  the  underground  watery  conditions  in 
different  parts  of  oastorn  United  States.  Those  are  due  in  part  to 
the  prosonco  in  tlio  iiorthorn  half  of  a  mantle  of  surface  deposits  left 
by  glaciers  or  by  streams  connected  with  the  ice.     A  yart  oi  tVs^J 
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difference  is  hIso  due  to  the  difference  in  weathering*  of  the  rocks  in 
the  northern  and  southern  portions,  while  still  another  part  is  due  to 
variations  in  the  diaracter  of  rooks  and  of  topography. 

AREA  OF  GLACIAL  DRIFT. 

This  area  is  >H)unded  on  the  south  by  a  line  which,  starting  at  Nan- 
tucket, iiasses  tlirouph  Marthas  Vineyard,  Long  Island,  across  New 


Fi«J.  1 1.— <^Iooli>Ki«'  imd  \viitvro'iii»i»ly  «liftricts  in  i-aMorn  TuiUMl  State?*. 

Jorsoy,  nortlnv(»st\viii(l  across  Pennsylvania  into  New  York,  then 
southwostwanl  across  Pennsylvania  and  Ohio  to  th(»  vicinity  of  Cin- 
cinnati, where  it  crosses  the  river  for  a  short  distance  into  Kentucky, 
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tlience  westward  across  southern  Indiana,  Illinois,  and  central  Missouri, 
to  a  i)oint  near  Kansas  City,  where  it  leaves  the  region  under  consid- 
enition  (see  fig.  14).  All  of  the  region  north  of  this  line  was  covered 
one  or  more  times  by  great  ice  sheets,  except  a  small  area  in  south- 
western Wisconsin  and  adjacent  portions  of  Minnesota,  Iowa,  and 
Illinois,  where  there  appears  to  have  been  a  sort  of  island  of  land  sur- 
rounded by  ice,  known  as  the  "Driftless  area." 

North  of  the  boundary  mentioned  the  surface,  except  for  the  small 
driftless  area,  is  covered  with  a  mantle  of  materials  deposited  by  the 
glacier  and  known  as  drift.  The  drift  is  divided  into  two  main  types, 
the  first  known  as  till,  and  the  second  as  modified  or  stratified  drift. 
Till  is  composed  of  a  heterogeneous  mass,  consisting  of  clay,  sand, 
and  bowlders,  frequently  known  as  hardpan.  It  was  deposited  mainly 
directly  by  the  ice,  either  beneath  the  sheet  or  at  its  margin.  The 
second  class  of  drift  includes  gravels,  sands,  and  other  stratified  de- 
posits formed  by  streams  leading  outward  from  the  ice  sheet.  It  is 
found  chiefly  along  the  valleys  which  were  once  occupied  by  glacial 
streams,  but  considerable  amounts  were  also  deposited  in  temporary 
glacial  lakes  which  existed  between  the  northward  sloping  land  and 
the  retreating  ice  sheet,  while  some  was  laid  down  as  broad  wash 
plains. 

The  glaciers  which  left  the  various  types  of  drift  started  in  the  far 
north  in  relatively  recent  geologic  times  and  spread  southward  to  the 
limits  mentioned.  Before  their  advance  the  rocks  were  probably  deeply 
weathered  and  covered  with  soil,  as  in  the  South  at  the  present  time, 
although  the  extent  of  the  weathering  was  doubtless  somewhat  less. 
The  first  work  of  the  ice  was  to  remove  this  soft  weathered  material. 
Part  was  incorporated  with  the  till  and  part  was  carried  oS  by  the 
streams  to  form  clay  and  sand  deposits.  Later,  after  the  removal  of 
the  surface  soil,  the  glacier  began  the  work  of  wearing  down  the  solid 
rocks,  plucking  off  fragments  both  large  and  small  from  the  ledges  and 
transporting  them  southward.  This  material  was  also  left  in  part  in 
the  till,  and  in  part  carried  away  by  the  streams. 

The  effect  of  the  drift  on  the  water  supply  of  the  northern  portion 
of  the  country  is  very  great.  In  general  the  drift  holds  very  much 
more  water  than  any  of  the  rocks.  This  water  is  yielded  readily  to 
shallow  wells,  and  furnishes  by  far  the  larger  part  of  the  well  supplies 
in  the  region  where  it  occurs.  Water  is  least  abundant  in  the  till  and 
most  abundant  in  the  stratified  drift.  Its  occurence  in  till  and  in  sand 
and  gravel  has  already  been  described  (see  pp.  25-26). 

WEATHERED   ROCKS. 

South  of  the  limits  of  glacial  advance  the  place  of  the  drift  is  partly 
taken  by  the  weathered  or  decomposed  rocks.     The  weathering  seems 
to  be  deepest  in  the  south  where  the  climate  is  more  humid  and,  there^^ 
fore,  mo^re  favorable  to  rock  decay.  % 
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The  soils  south  of  the  drift  limits  consist  of  small  frag-ments  or  par- 
ticles of  disint<^grated  rocks.  The>'  arc  usually  colored  rod  and  3'ellow 
by  weathering  and  are  very  porous,  absorl)ing  nuich  water.  Their 
thickness,  however,  is  not  sufficient  to  make  them  a  good  source  of 
water  supply,  although  they  vield  water  to  many  shallow  wells.  The 
water  is  subjected,  as  in  sands  and  similar  materials,  to  more  or  less 
complete  filtration  in  its  passage  downward. 

ROCK    WATER   PROVINCES. 

Leaving  out  of  account  New  England  and  eastern  New  York,  which 
compare  most  nearly  with  the  Piedmont  Plain,  the  main  divisions  of 
the  eastern  United  States,  viewed  from  the  standpoint  of  underground 
water  supplies,  aie:  (1)  The  Coastal  Plain,  (2)  the  Piedmont  Plateau, 
(3)  the  Appalachian  Mountains,  and  (4)  the  Mississippi  and  Great 
Lakes  basin.     The  limits  of  these  divisions  are  shown  in  fig.  14. 

Comtal  Plain, — The  Coastal  Plain  consists  of  a  strip  of  unconsoli- 
dated deposits,  extending  from  Long  Island  on  the  north  along  the 
Atlantic  and  (iulf  States  into  Mexico  on  the  south.  The  width  varies 
from  a  few  miles  at  the  north  to  several  hundred  miles  in  the  Missis- 
sippi Kiver  region. 

The  surface  of  the  Coa^stid  Plain  is  low,  usually  not  exceeding  100  to 
300  feet  above  sea  level  and,  where  uncut  b}-  erosion,  is  generalh'  flat. 
Owing  to  th(»  soft  character  of  the  materials,  however,  the  streams 
have  geneially  cut  fairly  deep  valleys  which  are  separati^d,  where  not 
too  close  togethcM',  ])V  llat-toppcd  ridges  UKirking  the  original  surface. 
VVhei-e  the  streams  are  close  together'  tlie  surface  is  cut  into  rolling 
hills. 

The  materials  include  clays,  sands,  gi-avels,  marls,  and  a  few  more 
or  less  solid  limestones,  the  lattei*  being  prcNsent  mainly  in  the  South- 
ern States.  A  tew  of  th(»  sandy  layers  have  been  consolidated  and  now 
form  sandstones.  Th(»  beds  dip  gently  toward  the  coast.  The  waters 
in  the  North  occur  mainly  in  sands  and  gravels,  especially  in  those  at 
the  l)ase  of  the  Coastal  Plain  deposits.  Farther  south,  ])articularly  in 
the  (fulf  States,  watcM*  is  found  both  in  sands  and  in  the  porous  lime- 
stones. The  (|uality  of  the  water  in  the  gravels  in  the  northern  i)ortion 
of  the  i)elt  is  genc^rally  soft  and  good,  but  fai'ther  south,  notably 
where  sands  and  gravels  alternate  witli  clay  or  limestone  beds,  the 
waters  are  oftcMi  hard  or  are  charg(»d  with  sulphur  and  iron.  The 
cai)acity  of  the  wells  is  generally  large  and  many  of  them  How  without 
pumping.  In  the  aggn^gate  there  are  s(»veral  thousand  deep  wells  scat- 
tered throughout  the  Coastal  Plain.  They  an*  used  principally  for 
domestic  and  farm  supplies,  but  some  of  them  that  yield  soft  waters 
are  utilized  for  industrial  luirposes.  In  the  (iulf  States,  espc^cially  in 
Louisiana,  a  large  immber  of  wells  furnish  water  for  thc^  irrigation  of 
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rice.  A  considerable  number  are  also  used  as  a  source  of  public  water 
supplies. 

Piedmont  Plateau, — The  Piedmont  Plateau  proper  consists  of  a 
belt  of  crystalline  rocks,  including  a  few  small  basins  of  Triassic 
sediments,  that  extends  southward  from  southeastern  New  York 
along  the  east  front  of  the  Appalachian  Mountains  to  Alabama,  lying 
l)etween  the  mountains  and  the  Coastal  Plain.  Where  the  plateau 
joins  the  Coastal  Plain  its  elevation  is  only  a  few  hundred  feet,  but 
the  altitude  of  its  surface  increases  gradually  toward  the  northwest, 
until  at  the  l)ase  of  the  mountains,  especially  in  western  North  (^ro- 
lina  and  vicinity,  its  highest  points  have  an  altitude  of  several  thou- 
sand feet.  In  the  main  its  surface,  where  uncut  by  streams,  is  flat  or 
gently  rolling,  but  in  its  higher  portions  it  has  been  cut  into  a  scries 
of  prominent  mountains.  In  the  vicinity  of  the  streams  near  the 
coast  it  is  also  cut  into  a  series  of  lower  hills,  as  in  the  ca.se  of  the 
Cojkstal  Plain. 

The  rocks  of  the  Piedmont  Plateau  proper  consist  mainly  of  schists, 
gneisses,  granites,  and  other  metamorphic  or  igneous  rocks,  all  of 
which  are  of  crystalline  texture.  The  rocks  of  the  Triassic  basins 
consist  mainly  of  sandstones,  shales,  etc. 

The  waters  of  the  Piedmont  Plateau  are  relatively  uncertain  in 
occurrence,  depending  largely  on  the  existence  of  joints  or  other 
fissures  in  the  rocks,  }>ut  good  supplies  have  nevertheless  l>een  obtained 
at  numerous  points.  In  composition  the  waters  are  usually  fairly 
good,  although  they  sometimes  contain  considenible  mineral  matter. 
Relatively  few  deep  wells  have  been  sunk  in  this  region,  owing  to  the 
uncertainty  of  supply,  di^pendenco  being  phu*ed  largely  on  streams  or 
on  shallow  wells  dug  in  the  weathered  upper  portion  of  the  rocks. 
The  waters  are  used  largely  for  dom(\stic  and  farm  purposes  and  in 
small  industrial  establishments.  In  a  few  places  public  water  supplies 
are  obtained  from  the  Piedmont  rocks,  and  some  im[)ortant  mineral 
springs  are  found  in  the  region. 

Similar  to  the  Piedmont  Plateau  aie  the  great  areas  of  igneous  rocks 
in  Minnesota  and  Wisconsin  and  in  New  York  and  New  England.  The 
topograph}"  of  the  rocks  in  these  regions  is  in  general  somewhat  more 
rugged  than  in  th(»  Piedmont  Plateau  proper,  and  less  use  is  made  of 
the  waters,  largely  ))ecause  of  the  a))undance  of  lakes,  springs,  and 
spring-fed  streams,  or  of  waters  in  the  glacial  drift  which  overlies  the 
crystalline  rocks  in  this  portion  of  th(»  country. 

AppalachUnt  Mtmnfains, — The  Appalachian  Mountains  maybe  con- 
sidered as  beginning  in  eastern  Pennsylvania  and  extending  southward 
to  central  Alabama.  The  Berkshire  Hills  in  ConncH'ticut  and  Massa- 
chusettsand  the  (ireen  Mountiins  in  Vermont  are  included  in  the  area  by 
some.  The  rocks  throughout  the  region  are  strongly  folded  and  broken 
by  faults,  the  harder  beds  giving  rise  to  the  great  twov\w\sv\w  \\^'^^.^ 
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which  charactenze  the  belt  The  rocks  consist  of  quartzites,  sand- 
stones, shales,  and  limestones.  The  sandstones  and  certain  of  the  lime- 
stones carry  considemble  amounts  of  water,  but  are  seldom  used  a8  a 
source  of  supply.  The  water  in  the  limestones  is  carried  in  detinit€ 
channels  and  is  of  rather  uncertain  occurrence.  Both  the  sandstonchN 
and  limestones  yield  copious  springs  in  places.  Wells  in  the  synclines 
or  rock  troughs  frequently  yield  water  which  will  sometimes  rise  tu 
the  surface,  but  in  general  dependence  is  placed  on  the  springs  which 
occur  in  largo  numbers  throughout  the  belt.  In  the  wider  limestone 
valleys  wells  or  cisterns  are  often  used.  There  are  very  few  cities  or 
large  indastrial  establishments  in  this  region  and  deep  wells  are  there- 
fore somewhat  rare. 

The  Mississippi.'  Great  Lakes  hasin. — This  basin  includes  the  remain- 
ing portion  of  the  territory  in  the  eastern  half  of  the  United  States. 
The  surface  is  moderately  low,  seldom  exceeding  1,000  feet  in  eleva- 
tion, and  is  usually  not  characterized  by  prominent  hills  or  mountains. 
Except  in  the  areas  of  igneous  rocks,  noted  above,  the  rocks  consist  of 
flat  or  very  gently  folded  sandstones,  limestones,  shales,  etc.,  varying 
from  Cambrian  to  Carboniferous  in  age.  The  Cambrian  and  other  of 
the  older  sandstones  carry  large  amounts  of  water,  which  is  obtained 
by  wells  that  frequentl}'^  flow  at  the  surface.  The  Silurian  limestones 
also  contain  considerable  water,  but,  as  is  the  case  with  water  in  lime- 
stones elsewhere,  its  occurrence  at  a  particular  point  can  seldom  l)e 
])redictod. 

The  younger  rooks,  including  the  Devonian  and  Carboniferous,  con- 
sist to  a  considorablo  oxt(Mit  of  alternations  of  shales,  shaly  limestones, 
and  sjiiidstones.  In  the  liniostones  the  water  occurs  verj'  much  as  in 
other  liniPstoiKvs.  In  tlio  sandstones  and  shales,  however,  its  occur- 
roiice  is  uncertain  owing  to  the  lack  of  persisttMice  of  the  l>eds.  One 
well  may  o])tain  water,  while  another  a  few  feet  away  may  fail.  The 
waters  are  often  niineralizod,  ospocially  in  Michigan,  where  they  con- 
tain a  high  i)erceiitage  of  salt.  The  Car])oniferous  limestones  abound 
in  springs,  some  of  which  are  of  great  size. 


MAINE. 


By  W.  S.  Bayley. 


TOPOGRAPHY  AND  GEOLOGY. 

The  surface  of  Maine  consists  essentially  of  an  extensive  southward- 
facing  slope  draining  directly  into  the  Atlantic  Ocean  and  a  smaller 
northward-facing  slope  draining  into  St.  John  River.  The  latter  area 
is  a  great  plain  covered  largely  l)y  swamps  and  interrupted  by  a  few 
irregular-sha|)ed  hills.  The  surface  of  the  southern  slope  is  much 
more  broken.  It  is  crossed  by  many  ridges  of  low  mountains  trend- 
ing east  or  northeast,  some  of  which  rise  several  thousand  feet  above 
the  platform  on  which  they  rest.  These  are  separated  by  wide  areas 
of  plain,  on  which  are  man}'  small  glacial  hills  and  ridges.  Near  the 
coast  the  surface  is  rough.  Rocky  ridges  and  low,  bare  hills  stretch 
from  the  shore  line  some  miles  inland,  but  the  hills  are  not  lofty  and 
the  valleys  between  them  are  not  deep. 

All  the  rocks  are  Paleozoic  or  older,  except  the  very  late  marine 
clays  and  the  glacial  deposits.  The  northern  portion  of  the  State  is 
underlain  })y  moderately  folded  Silurian  and  Devonian  limestones, 
shales,  and  sandstones,  cut  here  and  there  by  igneous  rocks,  some  of 
which  are  certainl}'  volcanic.  In  this  area  the  conditions  are  the  most 
favorable  for  the  occurrence  of  artesian  waters. 

The  section  bordering  the  coast  is  underlain  by  granites,  gneisses, 
crystalline  schists,  and  ancient  lavas  intersected  by  intrusives.  The 
central  portion  of  the  State,  )>etween  the  northern  and  the  coast  belts, 
is  composed  of  slates,  cjuartzites,  and  impure  limestones,  very  much 
like  the  rocks  in  the  northern  belt,  but  usually  more  crystalline  and 
more  closely  folded.  These,  too,  are  cut  by  granites  and  other  intru- 
sives. Conditions  are  not  so  favorable  for  artesian  water  in  the  cen- 
tral and  the  coast  belts  as  they  are  in  the  northern  ])elt;  nevertheless, 
in  some  areas  within  them,  where  the  rocks  are  less  highly  tilted 
than  elsewhere,  or  where  they  an^  nuich  fissured,  artesian  waters  have 
been- developed.  Springs,  nioreov(»r,  abound  and  a  few  drilled  wellsJ 
deliver  water  at  the  surface.  fl 
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r|X)n  (lit*  HM-ks  of  nil  tlinn*  Mis  ihvt  ^Im^icrs  that  once  covered  the 
entire  Stato  (l»*iK>site(l  <*Iiiy,  sjiiid,  ^mveU  and  u  mixture  of  clavand 
Im)wK1<ms.  The  latter  constitutes  tlie  till,  which  c<ivoi"s  allthe<»Kier 
roeUs  as  a  l)lanket.  varying  in  thickness  from  a  few  inches  to  many  feet. 
The  rhiy,  sand,  and  ^rmvel  form  ternu*es,  hills,  and  ridges  that  run 
in  «|;ently  sinuous  lines  for  lon^  distances  over  liill  and  valley,  follow- 
ing, in  the  main,  tike  dirertions  of  the  princiiNil  dniinagc  lines,  lii 
these  deposits  the  various  com  laments  are  often  interst  ratified,  fiimlsb- 
in<^  ideal  conditions  for  successful  shaUow  wells.  Most  of  these  wells 
obtain  water  cMth(»r  from  the  sand  and  ji^iiivel  layers  interleaved  lietween 
the  clay  ))cdsor  from  th(»  rock  siu'face  underlyinjr  all  the  sediments. 

The  only  remaim'nif  rocks  that  are  at  all  widely  spread  in  Maine  are 
the  l>cds  of  fossiliferous  marine  clays,  which  extend  far  inland  up  the 
river  valleys  and  into  lowlands  where  the  elevation  is  not  more  than 
2J>o  ftM't  ahove  sfMi  level.  Over  these  clays  are  layers  of  river  sand, 
deposited  at  a  time  when  tin*  streams  were  hein^  fed  by  the  meltini; 
trlaciers.  At  the  base  of  this  sand,  where  it  lies  upon  the  <'lay,  there 
is  usually  a  constant  sh(»et  of  water  moving  slowly  riverward.  This 
furnishes  an  unfailino;  sourc<»  of  >uppiy  to  wells  situated  near  the  river 
hanks,  hut  unfortunately  tin*  water  is  often  contaminated  with  im- 
purities of  various  kinds. 

WATKK  srPPLY. 

Witii  the  cN(e])(ion  of  Florida,  Maine*  is  the  least  densely  iKipulated 
of  all  tiu'  KaNtrrn  Sla((»s.  Because  of  iWiy.  low  (U'lisity  (2>\.2  p«*r  scjuare 
mile)  and  its  ahunchuicc  of  lakes  and  streams,  its  people  have  felt  little 
necessity  for  >eekint^^  sources  of  water  supply  below  the  surface. 
( \)nMM|uently,  the  undero;round  water>  of  the  State  have*  heen,  on  the 
whole,  hut  >li»ihtiy  utilized,  except  in  certain  restricted  areas,  wluM-e, 
for  one  reason  or  another,  tin*  surface  waters  are  not  suitahle  for 
domestic  or  maiuifacturinti'  pur[)os(»s. 

Tntil  very  recently  the  rivers  and  lakes  havtsitlorded  ex<*ellent  water 
for  nearly  all  purposes.  With  the  increase*  in  the  niunher  of  fact4)ries 
estahlished  on  tin*  main  waterways  for  the  advanta^^es  resultin<^'  from 
the  possession  of  chea[)  water  power,  tin*  rivers  have  become  less  ami 
l(»ss  valuai)le  as  sources  of  water  supply,  partly  because  of  the  waste 
products  ])()ured  into  them  from  the  factories  and  partly  becsause  of 
the  increased  amount  of  s(*wat»e  which  they  uuist  carry  in  conseepience 
of  the  <rrowth  of  the  manufacturin*^  couuuunities  on  their  banks. 

The  drift  of  tiie  poi)ulation  toward  centers  is  Avell  shown  by  the 
census  of  UM)0.  The  mimber  of  cities  and  villa«!fes  se])arately  enum- 
erated in  this  year  wjis  4»^»,  as  a<jainst  25  in  ISIM),  and  their  popidation 
was  2r>S,4:U,  as  a<!:ainst  1S4.S21,  or  1)7,2  per  cent  of  the  total  popula- 
tion in  llHM),  as  a^i^ainst  28  ])er  cent  in  ISIM). 
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The  natuml  result  of  the  two  tendencies  above  mentioned  has  been 
to  ix)nute  the  principal  water  courses,  with  the  consequent  result  that 
communities  drawing  their  public  supplies  from  streams  are  l>eginning 
to  complain  of  the  (piality  of  the  water  furnished  them  and  are  turning 
toward  the  lakes  for  relief. 

Along  the  coast  strip,  where  the  larger  rivers  are  tidal,  comnmn- 
ities  are  dependent  upon  lakes  and  small  brooks  for  their  public 
supply.  On  the  islands  the  princii^il  sources  of  drinkable  water  are 
springs  and  drilled  wells,  but  since  there  are  only  a  few  island  settle- 
ments of  any  considerable  size  the  question  of  large  public  supplies 
is  not  of  great  moment. 

Within  the  interior  of  the  State  village  communities  that  are  not  sit- 
uated near  large  lakes  or  spring-fed  brooks  have  often  taken  advan- 
tage of  the  numerous  good  springs  that  a})ound  everywhere  and 
spring  water  has  been  piped  through  the  settlements. 

PUBLIC  SUPPLIES. 

The  aggregate  population  furnished  ))y  water  corporations  from  the 
three  principal  sources  above  mentioned  is  about  285,000,  or  about  40 
per  cent  of  the  entire  population  of  the  State.  Of  this  number  about 
152,000  obUiiii  public  water  from  lakes,  122,000  from  rivers,  and 
14, (MX)  from  springs.  In  addition  there  is  one  community  (Castine, 
population  about  1100)  that  draws  its  supply  from  four  drilled  wells. 
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RIVERS. 

The  communities  at  present  obtaining  their  public  supply  from 
rivers  and  brooks  are  as  follows: 

Preliminary  liM  of  communities  drawing  upon  streams  as  the  sources  of  their  jmUic  voter 

supply. 


Place. 


Source  of  sapply. 


Augusta 

Bangor 

Belfast 

Bethel 

Benton 

Biddeford 

Brewer 

Calais 

Caribou 

Dover 

Ellsworth 

Ellsworth  Falls  . 

Fairfield 

Freeport 

Fryolmrg 

(Janliner 

Oldtown 

lloulton 

KingfieM 

Milltown 

OldOrclianl.... 

Pitt«H('l(l 

Pri\M<pio  I. sit'  . . . . 

Kichmond 

Rum  ford  Falln  . . 

Saco 

Soniervillt* 

S<jrrento 

South  Berwick. 
Van  liiiren 


Waterville. 


Kennebec 

Penobscot 

Waldo 

Oxford 

Kennebec 

York 

Penobscot . . 

Washington 

Aroostook  . . 

Piscataquis  . 

Hancock  ... 

do 

Somerset  . . . 
('umberland 

Oxford 

KenncjluM"  . . 
I **'!!( )bsc()t  .  - 
Aroostook  . . 
Fnuiklin  . . . 
Wa.^hinpton 

York 

Somcrsot  . . . 
Aroostook  . . 
Sagadahoc . . 

Oxford 

York 

Lincoln  

Hancock  . . . 

York 

Aroostook  . . 


Kennebec 


Kennebec  River. 
Penobeoot  River. 
Little  River  or  Coles  Brook. 
Chapman  Brook. 
Meesalonskee  River. 
Saco  River. 
Penobscot  River. 
St.  Croix  River. 
Aroostook  River. 
Piscataquis  River. 
Branch  Pond  Stream. 

Do. 
Messalonskee  River. 
Brook. 

White  lx)t  Brook. 
CobosscH'ontee  Stream. 
IVnobsi'ot  River. 
Mo<Jse  Brook. 

Brook  flowing  int*>  Tuffs  Pond. 
St.  Croix  Kiver. 
Saco  River. 
Sel  )a.<t  icook  Ri  ver. 
Kcnncily  Brook. 
Kennebec  River. 
Anilroscoggin  River. 
Saco  River. 
Sheepscot  Kivcr. 
Piscataquis  Hiver. 
Two  Brooks. 


St.   John    Hivcr   and    Violctte 
Br(M>k. 


Messalonskee  Kiver. 


The  list  below  is  an  enumeration  of  the  communities  utilizing  lakes 
as  their  sources  of  supply. 

Pteliminary  list  of  communities  utilizing  lakes  as  sources  of  water  supply. 


Place. 


County. 


Auburn Androscoggin . 

Bar  Harbor !  Hancock 

Bath Sagadahoc 

Bath  (emergency) do 

Belgrade 

Boothbay  Harbor 

Brunswick 


Kennel)ec 

Lincoln 

Cumberland  . . 

Ounden Knox 

Gorham Cumberland  . . 

Kittery York 

Lewiston Androscoggin . 

Livermore  Falls do 


Newport. 
Norw^ay  . 


Oakland 

Phillips 

Portland 

Rockland 

Rockland  (auxiliary). 

Rockport 

Seal  Harbor 

South  Portland 

South  Paris 

Southwest  Harbor 

Thomaston 

Westbrook 

Wilton 

Woolwich 

York 

York  Corner 


Penobscot 
Oxford.... 


Kennebec  . . . 

Franklin 

Cumberland  . 

Knox 

do 

do 

Hancock 

Cumberland  . 

Oxford 

Hancock 

Knox 

Cumberland  . 

Franklin 

Sagadahoc . . . 

York 

do 


Source  of  supply. 


Lake  Auburn  or  Wilton  Pond. 

Eagle  Lake. 

Lake  Nequassetto. 

120  driven  wells. 

Belgrade  Lake. 

Adams  Pond. 

Mirror  or  Oyster  River  Lake. 
Sebago  Lake. 
Folly  Pond. 
Lake  Auburn. 

Pillsbury  Pond. 

Norway  or   Great   Pennessee- 
wassee  Lake. 

Messalonskee  Lake. 

MQunt  Blue  Pond. 

Sebago  Lake. 

Mirror  or  Oyster  River  Lake. 

Lake  Chicawanstin. 

Mirror  or  Oyster  River  Lake. 

Jordan's  Pond. 

Sebago  Lake. 

Norway  Lake. 

Long  Pond. 

Mirror  or  Oyster  River  Lake. 

Sebago  Lake. 

Lake  Nequassetto. 
Chase's  Lake. 
Do. 
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SPRINGS. 


In  the  communities  named  })elow  spring  furnish  nearly  all  the  wai 
used.  In  all  cajsos  this  is  carried  by  pipes  either  directly  from  1 
springs  or  from  reservoirs  into  which  the  spring  water  is  pumped. 

Prcliminanf  littt  of  conununiih'x  oUainimj  their  jnifUir  gupjdf/  from  ^pritiga. 


Place.  I  County.  j  Remarks. 


.  l_ 


Addison ,  Washington ' 

Appleton Knox , 

Bingham Souiereet 2  nprings  fill  1  J-inoh  and  6<inch  pipes 

Bwwnville Piscataquis 8  springs;  piped  to  hotel  and  priv 

houses. 
Cherrytield Washington 

Fort  Fairfield Aroostook 

Guiifoni '  Pist-ataquis Suj>plii»s  30  families. 

Hallowell Kenne])e(^ 

Harrington Washington 

Lisbon  Falls Androscoggin 

Lulx»c Washington ;^5(),000  gallons  a  day.  Temjieniture,  4 

Mill  bridge do Fills  2-inch  pipe.     Temperature,  40°. 

Monson Piscataquis Supplies  30  families. 

North  Watcr})()r(>  ...  York ' 

Paris  llill Oxford From  10.(X)()  to  30,000  gallons  a  day. 

IVru do 

I 
Sanford '  York Fills  J-inch  an<l  J-inch  pipes. 

Sangcrvillc Piscatatjuis \ 

Scarf-inont Waldo 1 

ScarsiM)rt do i 

Skow  ln^an >  Somerset 50(1,000  gallons  a  clay. 

Spring  vale York 100  gallons  a  minute. 

Stratton Franklin 

Fnion Knox 

Winterport Waldo 120,000  gallons  a  day. 

Yarmouth Cum})er]and 120,(K)0  gallons  a  day.  Temperature,  4 

Yarmouth villo do . 


DllILLKD   WELLS. 

The  villa^^e  of  Castinc  is  furnished  with  water  for  domestic  and  ti 
purposes  by  foar  (Irillcd  Avells,  of  which  three,  situated  at  an  o\c\ 
turn  of  130  feet,  are  now  used.  In  th(\s(»  the  water  was  struck  a 
dei)th  of  i})ih  feet,  or  <lTi  feet  ai)<)V(»  mean  hio^h-water  mark.  It  ri.^ 
naturally  within  2.")  tVet  of  thi^  surface  and  is  pumped  to  the  surfu 
with  the  aid  of  a  windmill.     These  wells  yield  40,U0O  gallons  dail 
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A  fourth  well,  675  feet  deep,  is  located  at  an  elevation  of  217  feet. 
Water  was  struck  in  this  well  at  a  depth  of  020  feet.  It  apparently 
came  from  fissures  in  the  rock.  The  water  level  in  this  well  is  only 
27  feet  below  the  surface — i.  e.,  it  is  127i  f^'ot  higher  than  the  level  in 
the  lower  welKs  and  190  feet  above  sea  level.  All  the  wells  are  sit- 
uated on  the  backbone  of  a  small  peninsula  that  extends  into  Penob- 
scot Bay.  This  peninsula  is  only  2  miles  long  and  1  mile  wide,  and 
is  joined  to  the  mainland  by  a  narrow  isthnuis  which  has  been  crossed 
by  a  canal.  The  deepest  well,  whose  water  rises  190  feet  above  sea 
level,  is  onl}^  half  a  mile  from  the  shore  of  the  bay. 

PRIVATE    SUPPLIES. 

The  farming  conmumities  in  Maine,  as  elsewhere  in  the  Eastern 
States,  consist  of  isolated  families  or  very  small  groups  of  families  in 
villages  that  are  not  large  enough  to  warmnt  the  wholesale  distribu- 
tion of  water.  Water  can  not  be  conveyed  to  them  economically  from 
long  distances,  hence  their  supplies  nmst  come  from  near-by  sources, 
which  are  avaihii)le  almost  everywhere  immediately  beneath  the 
surface.  These  underground  sources  are  tapped  by  dug  and  by  drilled 
wells,  or  by  the  natural  fissures  through  which  springs  issue. 

DUG,  DRIVEN,  AND   BORED   WELLS. 

The  soil  covering  of  Maine  is  largely  glacial  in  origin.  The  drift 
which  covers  the  hard  rocks  is  of  considerable  thickness  over  most  of 
the  State,  and  from  its  nature  it  aflfords  many  reservoirs  for  the 
storage  of  ground  water.  Where  gravels  and  sands  are  intercalated 
between  clay  b'ds  these  furnish  abundant  water.  The  depth  of  the 
layers  from  which  the  water  is  derived  varies  widely  even  in  the  same 
neighborhood,  because  the  coarse-grained  beds  are  not  of  great  hori- 
zontal extent,  and  neigh])onng  wells,  therefore,  nuist  often  obtain  their 
water  from  different  layers.  In  those  places  where  the  drift  covering 
is  thin  tlie  rock  under  the  drift  is  ))lasted  into,  and  in  this  way  a 
shallow  basin  is  made,  into  which  water  seeps  from  the  basal  layers 
of  the  overlying  drift  and  from  the  crevices  opened  up  in  the  rock. 

In  the  valleys  of  many  of  the  rivers  are  deposits  of  clay,  which  were 
either  laid  down  by  the  rivers  themselves  or  b}^  bays  of  the  ocean 
which  formerly  extended  inland  up  the  river  valleys.  Between  the 
successive  beds  of  clay  are  often  thin  layers  of  water  that  are  con- 
tinuously flowing  riverward  as  broad  sheets.  Where  these  are  inter- 
cepted by  wells  an  abundant  and  constant  supply  of  water  is  obtained. 
Wells  of  this  class  possess,  in  a  measure,  artesian  characters.  The 
water  often  rises  alcove  its  inuuediate  source,  and  its  height  is  only 
slightly  affected  by  dioughts.  On  the  other  hand,  the  beneficial  effect 
of  sand  filtration  u])on  tiie  water  is  lacking,  and  consequently  these 
wells  are  more  apt  to  become  polluted  than  those  that  obtain  their 
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water  by  tapping  supplies  in  sand  or  gravel.  A  rapid  examination  of 
the  records  of  the  State  board  of  health  shows  that  the  greater  pro- 
portion of  the  polluted  wells  investigated  by  the  board  are  those 
which  obtain  their  water  from  between  clay  layers;  whereas,  on  the 
other  hand,  the  wells  obtaining  their  supply  from  the  sand  beds  in  the 
drift  usually  furnish  good  water,  although  they  maybe  situated  in  the 
midst  of  farm  buildings  that  have  occupied  the  land  for  periods  of 
fifty  or  seventy-five  years. 

DRILLED   WELLS. 

Because  of  the  abundance  of  streams,  lakes,  and  springs  in  the  State, 
and  the  ease  with  which  the  underground  water  in  the  glacial  drift 
may  be  reached  by  dug,  driven,  and  bored  wells,  the  use  of  drilled 
wells  is  not  common.  There  are  a  few  in  the  interior  counties  where 
the  supply  of  surface  water  is  not  constant  and  where  the  drift  is  thin 
and  dug  wells  are  likely  to  fluctuate  with  variations  in  the  amount  of 
rainfall,  but  by  far  the  greater  portion  of  the  deep  wells  are  situated 
either  on  the  islands  oflf  the  cost  or  in  a  narrow  strip  on  the  mainland 
bordering  the  shore.  This  shore  strip  is  almost  insular  in  character. 
Deep  inlets  extend  back  into  the  land,  separating  it  into  narrow 
tongues  that  are  almost  surrounded  by  salt  water.  Moreover,  the  drift 
covering  is  usually  thin,  and  in  this  belt,  as  on  the  islands,  the  collect- 
ing areas  are  small  and  the  capacity  of  the  drift  for  storage  is  small. 

Records  of  the  rocks  drilled  through  have  been  kept  for  very  few 
of  the  wells.  This  fact,  together  with  the  fact  that  the  geology  of  the 
State  is  practically  unknown,  makes  it  impracticable  to  work  out  at 
present  the  limits  of  artesian  basins.  From  the  scant}^  data  at  liand, 
however,  it  appears  probable  that  at  least  one  basin  exists  in  the  north- 
eastern part  of  the  State,  in  the  eastern  portion  of  Aroostook  County, 
and  another  in  the  west-central  part,  surrounding  Moosehead  Lake. 

At  Greenville,  at  the  mouth  of  Moosehead  Lake,  are  two  wells  that 
flow.  These  two  and  a  few  others  in  the  coast  belt  are  the  onlj'  ones 
that  furnish  water  at  the  surface.  In  tlie  great  majority  of  the  wells, 
however,  the  water  is  forced  upward  by  natural  pressure  some  dis- 
tance above  its  source. 

Of  the  448  drilled  wells  of  which  reports  have  been  received,  134 
are  100  feet  deep  or  over.  Of  these  there  are  2  over  500  feet  deep, 
7  between  800  and  400  feet,  and  25  between  200  and  300  feet. 

SPRINGS. 

Throughout  the  interior  of  the  State  springs  are  frequently  used  as 
sources  of  water  supply  when  tliey  are  situated  at  a  greater  elevation 
than  the  buildings  to  be  furnished  with  water.  Often  several  families 
coml>ine  and  hav(^  the  water  of  the  larger  springs  distributed  through 
their  dwellings  by  pipes.     Occasionally  the  water  is  raised  by  wind- 


BAYLKY.] 


MAINE. 


49 


mills,  but  usually  it  is  distributed  by  gravit}'  alone.  In  those  portions 
of  the  State  where  the  well  water  is  hard,  springs  are  more  generally 
utilized  than  in  those  portions  where  the  well  water  is  soft.  In  a  few 
instances  where  the  quality  of  the  water  in  the  streams  near  by  is  poor, 
springs  supply  water  for  manufacturing  establishments. 

Ver}'  important  springs,  which  are  of  great  economic  value  to  the 
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Via.  15.— Locfttion  of  flowing  or  nearly  flowing  wells  of  Maine. 

State,  are  those  which  may  ))c  denominated  commercial  springs.     This 
group  includes  those  springs  whose  waters  are  sold  by  measure,  i.  e., 
in  small  parcels.     Of  this  class  there  are  two  subclasses.     In  the  first 
are  included  springs  that  furnish  water  to  consumers  in  their  vicinity   i 
iRB  114— a5 J 
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NEW  HAMPSHIRE.' 


By  M.  L.  Fuller. 


TOPOGRAPHY. 

Taken  as  a  whole  New  Hampshire  is  more  rugged  than  any  other 
>«ew  England  State.  Although  the  mountains  are  lacking  in  the 
definite  trend  which  characterizes  the  Green  Mountain  and  Berkshire 
Ilill  ranges,  they  comprise,  nevertheless,  the  highest  and  most  rugged 
peaks  of  the  eastern  section  of  the  country  north  of  North  Carolina. 
The  highest  land  is  in  the  western  and  northern  parts  of  the  State, 
culminating  in  the  White  Mountains  of  the  north-central  portion, 
where  Mount  Washington  and  several  other  peaks  reach  elevations  of 
5,000  to  0,000  feet  or  ov^er.  The  lowest  area  within  the  State  is  in  the 
southeastern  portion,  where  much  of  the  land  is  less  than  500  feet 
above  sea  level,  considerable  tracts  lie  between  500  and  1,000  feet,  and 
a  few  hills  and  ridges  above  1,000  feet. 

In  general  the  hills  and  mountains  present  smooth  and  rounded  out- 
lines, while  the  valleys  are  generally  v/ide,  with  gentle  or  moderate 
slopes.  In  addition  to  tlie  rock  hills,  there  are,  in  the  southern  third 
of  the  State,  a  large  inunber  of  smooth,  lenticular  hills,  100  feet  or 
more  in  elevation  above  tlieir  base,  composed  of  deposits  formed  by 
the  glaciers  when  they  occupied  the  region.  They  are  known  as 
drumlins. 

GEOLOGY. 

Over  the  greater  part  of  the  State  the  rocks  are  of  the  crystalline 
type,  and  include  gianites,  gneisses,  etc.,  but  along  the  western  border, 
and  also  along  a  broken  belt  extending  from  the  southwestern  portion 
of  the  State  northeastward  into  Maine,  in  the  vicinity  of  Rochester, 
there  are  extensive  outcrops  of  slates,  quartzites,  schists,  etc*.,  with 
occasional  small  areas  of  limestone.  The  rocks  of  all  types  are  gen- 
erally characterized  either  by  bedding  or  lamination  planes,  and  are 
frequently  much  broken  by  joints. 

Like  other  New  England  States,  New  Hampshire  is  covered  with 
surface  deposits  of  unconsolidated  material  laid  down  by  the  ice  sheet 
or  its  associated  drainage  ways.     This  surface  material  or  drift  is  not 

a  The  portions  of  the  present  descriptions  rehiting  to  wells  and  springs  are  bascil  on  data  colli 
by  Mr.  J.  M.  lioutwell. 
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of  uniform  distribution,  being  in  general  of  much  greater  thickness 
in  the  southern  i)ortion  of  the  State  than  in  the  northern.  Neither  is 
the  drift  of  uniform  thickness  in  the  same  general  region,  the  crests 
and  sides  of  the  mountains  and  many  of  the  higher  hills  being  thinly 
coated  with  or  oven  nearly  free  from  glacial  materials.  In  the  valleys 
and  on  the  lowlands,  however,  the  drift  deposits  reach  a  considerable 
thickness  and  afford  the  most  important  source  of  water  in  the  State. 
Of  the  tyiH»s  of  drift  the  stnititied  deposits  along  the  present  stream 
channels  are  t\w  most  im)K)rtant.  The  sands  and  gravels  along  the 
Connecticut,  MiM-riinac,  IVmigewasset,  Ashuelot,  Contooeook,  Saco, 
and  (treat  Ossipco  rivers  are  of  considerable  importance.  Many  small 
areas  and  a  few  lai«re  ones  are  covered  by  deposits  laid  down  in  glacial 
lakes  at  a  time  when  the  letreating  ice  margin  blocked  the  northward- 
flowing  streunis.  Extensive  stratified  deposits  also  occur  along  the 
Atlantic^  coast  in  the  southeastern  portion  of  the  State.  Outside  of 
the  areas  of  stratified  materials  of  tlie  river  bottoms,  glacial  lake 
basins,  and  along  the  coast,  the  surface  is  generally  covered  with  a 
bowlder  clay,  or  hard  pan,  known  as  till.  In  general  it  is  very  thin, 
but  becomes  of  considerable  thickness  in  the  lenticular  hills,  known  as 
drumlins,  in  the  southern  third  of  the  State. 

i:xr)KiiOROiryi>  waters. 

WELLS. 

The  wells  may  be*  <^n\)upe(l  into  two  classes:  (1)  Those  in  the  drift 
and  (*J)  those  enterin^^  the  rock.  Of  the  wells  in  the  drift,  those  in 
the  coinj)act  and  more  or  h'ss  c  layev  till  or  haixl  pan  yield  the  least 
satisfactory  snppli(\^  both  as  I'et^^ards  (juantity  and  ipiality.  In  the 
stratified  drift,  especially  in  the  sands  and  gravels  of  the  valle3\s  and 
basins  mentioiuHl  abov(\  the  sui)])lies  are  t^enenilly  of  good  cpiality  and 
ample  in  v()lmn»\  In  the  more  (lens(»ly  j)opulated  ])ortions  of  the 
Stiite,  especially  near  the  coa>t,  the  shallow  drift  waters  are  some- 
times liable  to  pollution,  but  satisfactory  su])plies  can  usually  lie 
obtained  at  almost  any  point  wliere  the  stratilicnl  drift  occurs. 

Wells  are  in  o;(Mieral  drilled  into  the  rock  only  when  satisfactory 
supplies  can  not  be  ol)tained  fiom  the  drift.  The  rocks  over  a  large 
part  of  the  ai'ea  aie  crystalline  and  dense  and  do  not  present  ideal 
conditions  for  water  storaj^e,  so  that  th(»  value  of  a  rock  well  nmst 
always  be  in  doubt  until  it  is  completed.  As  already  pointed  out,  the 
crystalline  rocks  are  <reneially  marked  by  lamination  planes  and  are  cut 
by  joiiits,  while  th<^  slates,  (juartzites,  limestones,  and  other  stratified 
rocks  are  characteiized  likewise  by  joints  and  also  in  many  instances 
by  rather  definite  bedding  planes.  The  general  efl'ect  of  all  of  the.se 
features  is  to  allow  the  water  to  iMMietrate  into  the  interior  of  the  rock, 
and  most  d(»ep  rock  wells  obtain  moderate  su[)plies,  but  irregularities 
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in  the  occurrence  of  joints  and  other  planes  render  the  results  of  drilling 
very  uncertain. 

Many  wells  from  200  to  1,300  feet  deep  have  been  drilled  in  the 
State,  nearly  every  county  being  represented.  The  majority  of  these 
have  found  water,  although  a  few  of  the  deeper  wells  have  been  fail- 
ures. The  supplies  in  some  of  these  wells  are  so  great  as  to  warrant 
the  installation  of  steam  pumps  for  raising  the  water.  The  deep  wells 
are  used  mainly  in  the  various  manufacturing  industries  and  by  the 
larger  hotels. 

The  waters  of  the  drift  are  generally  soft  and  relatively  free  from 
mineral  matter,  but  those  obtained  by  the  deeper  rock  wells  are  fre- 
quently hard  and  charged  with  mineral  matter,  especially  iron. 

SPRINGS. 

As  in  all  rugged  regions,  springs  abound  in  the  hilly  portions  of 
New  Hampshire.  Over  a  large  portion  of  the  western  and  northern 
pait  of  the  State  there  is  hardly  a  farm  that  is  without  one  or  more 
available  springs.  In  these  regions  springs  are  the  leading  source  of 
domestic  supplies,  and  at  a  number  of  places,  as  at  Dover,  Gorham, 
North  Stafford,  Nashua,  Bennington,  and  elsewhere,  springs  consti- 
tute a  principal  or  partial  source  of  public  supply.  Spring  waters 
are  also  frequently  used  in  dairy  and  other  similar  industries  at  many 
points  throughout  the  State. 

Besides  the  uses  outlined  above  many  of  the  spring  waters  of 
New  Hampshire  are  placed  on  the  market  for  medicinal  or  table  use. 
In  1902,  eight  springs  reported  sales  amounting  to  629,500  gallons, 
with  a  value  of  $185,995,«  viz: 

,  Amherst  Mineral  Spring,  Amherst,  Ilillsboro  County. 
Granite  State  Spring,  Plaistow,  Rockingham  County. 
Hale  Spring,  Plaistow,  Rockingham  Coimty. 
I-Afayette  Spring,  West  Derry,  Rockingham  County. 
Londonderry  Lithia  Spring,  Londonderry,  Rockingham  County. 
Mount  Madison,  formerly  Gorham  Mineral  Spring,  Gorham,  Coos  County. 
Pack  Monadnock  Lithia  Spring,  Temple,  Hillsboro  County.  • 

Toofs  Artesian  Well,  Concord,  Merrimac  County. 

In  addition  to  the  above  springs  there  are  probably  many  local 
springs  which  supply  water  for  family  use  on  a  small  scale  in  the 
cities.     A  number  of  resorts  have  also  been  established  at  springs. 

PRIKCIPAIi  PUBIilCATIOKS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  17-18. 

New  Hampshire  [well  and  spring  records],  by  J.  M.  Boutwell:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  1904,  pp.  56-72. 

a  Peale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  8.  Geol.  Survey,  1904,  p.  996.  j 
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B3'  G.  II.  Perkins. 


GENERAIi  CJONDITIONS. 

Vermont  is  157  miles  long  from  north  to  south  and,  on  the  average, 
about  5S  miles  wide  from  east  to  west.  The  Green  Mountain  Range. 
which  divides  the  State  into  nearly  equal  east  and  west  portions,  form? 
a  watershed  from  which  most  of  the  streams  flow  either  ea.st  into  the 
Connecticut  or  west  into  Lake  Champlain.  As  the  mountaias  and 
foothills  occupy  a  large  portion  of  the  State  there  is  little  level  ground, 
the  surface  IxMug  mostly  uneven — mountain,  hill,  or  valley.  The 
mean  miufall  over  the  State  is  not  far  from  39  inches.  Probably  no 
State  is  more  abundantly  watered,  for  in  most  of  the  towns  springs 
are  numerous  and  unfailing,  and  these  are  supplemented  elsewhere  by 
wells  and  streams. 

The  unaltered  sti-atitied  rocks  of  Vermont  are  found  mostly  in  the 
Champlain  Valley,  where  the  Cambrian  sandstone,  Beekman town  sand- 
stones and  limestones,  (.'hazy,  Trenton,  and  sometimes  lilack  Kiver 
limestone  and  Ctica  shales  f(nMn  a  narrow  Iwrder  along  the  western 
part  of  the  State.  Kast  of  these  unchanged  beds  the  rocks  are  largely 
crystalline  and  metamorpliie,  consisting  of  giiinite,  gneiss,  schist,  and 
slat(».  The  whole  State  is  covenvl  with  glacial  dejxisits,  composed  of 
gravels,  days,  and  sands. 

WATKll  8UPPT.Y. 

Puhlic  ftuj)j*Ucs, — liecause  of  the  abundance  of  springs  and  the  con- 
sequent ease  and  cheapness  with  which  a  public  water  system  can  l»o 
established  in  many  towns,  such  supply  is  often  found  where  it  would 
scarcely  be  expected.  At  least  05  towns  and  villages  have  a  more  or 
less  complete  public  supply.  Some  of  these  are  owned  by  the  towns, 
many  by  coqwnitions  or  individuals.  In  a  number  of  towns  there 
are  sev<»ral  systems;  for  example,  liari'c  has  at  present  a  svstem  owned 
by  the  t^ity,  which  supplies  1,200  families,  and  at  least  5  smaller  sup- 
plies, which  are  us(»d  ])y  from  0  to  250  families  each.  Montpelier  is 
still  more  lavishly  provided,  there  }>eing  the  city  supply,  which  fur- 
nishes by  far  the  greater  num})er  of  the  residents,  aiid,  in  addition, 
more  than  twelve  other  sources  which  supply  from  2  to  50  or  more 
60 
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families.  In  1898  a  State  lalwratory  of  hygiene  was  established,  and 
as  water  used  for  drinking  can,  under  certain  regulations,  be  analyzed 
here  free  of  charge,  most  of  the  water  used  in  the  larger  towns  is 
frequently  examined  chemically.  In  the  following  table  are  given  the 
sources  of  supply  of  most  of  the  important  cities  and  towns  of  the 
State: 

Sources  of  voter  suppty  of  Vermont  tovms.  . 


County. 

Addison 

Do 

Benninprton . 

Do 


Town. 


Source  of  supply. 


Calc<lonia 
Essex 


Do.. 

Franklin 

Do.. 

Lamoille 
Do.. 
Do.. 
Do.. 


Do. 

Orange . 

Do. 

Do. 


Middlebnry Springs 

Vergennes' Otter  Creek 

Arlington Spring 

(Equinox  Springs 

'   "Is.  M.  Orvis's  springs. 

East  Bamet Springs 

Inland  Pond do 


Manchester . 


Lunenburg Three  large  springs. . . 

Rifhford Springs 

St.  Albans \  Reserv^oir    (4    miles 

from  town). 

Hydepark Springs , 

Jefforsonville do 

Johnson do 

do \ do 


Stowe j do 

Bradford A  series  of  springs. 

North  Thetford Springs 


.do 


Union  and  North 
Thetford  water  com- 
panies. 

Orleans Derbyline Springs 

Do Glover do 

Do North  Troy do 

Rutland  . . . 


(6 


Brandon i  Hitchcock    Pond 

I      miles  north). 

Do Center  Rutland Springs 

Do Danby do 

Do Pittsford Large  spring 

Do I  Poultnev Crystal  Lake,  Hamp- 

1  ton,  N.  Y. 

Do Proctor Springs 

Do Rutland i  Mendon  brooks 


Ownership. 


Town. 

City. 

Arlington  Water  Com- 
pany. 

Town. 

Town  water  company. 

Island  Pond  Water 
Company. 

Town. 
Do. 

Private. 

Town. 

Waterman  &  Welch. 

Water  company  (J.  A. 
Pearl,  agent). 

C.  E.  and  F.  O.  Burt. 

Town. 

Union  and  North  Thet- 
forti  water  compa- 
nies. 

Independent  farmers. 

Town. 

Private. 

Two  companies. 

Town. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
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Sources  of  water  supply  of  Vermont  towns — Continaed. 


Ck)unty. 


Washington  .. 

Do 

Do 

Do 


Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 


Do... 
Windham 

Do... 
Windsor.. 


Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


Town. 


Barre  . 

do 

do 

do 


Marahfield. 


Middlesex . 
Montpelier 
Northfield. 
Plainfield.. 
Roxbury  . . 


Source  of  supply. 


Several  companies. . 

Springs 

Brooks  

Spring .- 


Springs. 


do 

Berlin  ponds  (two). 
Two  public  systems. 

Springs 

do  ............ 


Waterbury 


Brooks   and 
collected. 


spnngs 


Waterbury  Center. . 

Bellows  Falls 

Jamaica 

Chester 


Springs 

Minard's  pond . 
Fifteen  springs. 
Stream 


Ownership. 


Hartford 

Ludlow 

Norwich 

Rochester 

Springfield 

White  River  Junc- 
tion. 

Wilder 

Windsor 


I 


Springs, 
.do  . 
.do  . 
.do  . 
.do  . 
.do  . 


I 


Water  company. 

Harvey  Hersey. 

Private  and  city. 

Barre     Spring    Com- 
pany. 

BatchelderWaterCom- 
pany. 

Private  owners. 

City. 

Private. 

Village. 

J.  W.  Howe  and  G.  A. 
Tilden. 

Town. 

Hopkins  &  Company. 

Town. 

Do. 

Chester  Water  Com- 
pany. 

A.  L.  Peace. 

Town. 

Do. 

Do. 

Do. 

Do. 


Three  springs OlcottWaterCompany. 

Springs Town. 


Common  f<pr!n(js, — As  has  been  indicated,  springs  arc  abundant  over 
a  large  part  of  the  State.  Of  the  248  towns  reporting,  not  less  than 
190  are  said  to  be  wholly  or  in  large  part  supplied  from  springs. 
Many  of  these  springs  are  large  and  constant  in  flow  and  tempeni- 
ture,  the  latter  being  often  as  low  as  3S  F.,  even  in  midsummer,  and 
raanv  show  throughout  the  year  a  temperature  varying  but  little  from 
45-  *F. 

As  there  is  little  or  no  soluble  matter  in  the  rocks  in  most  parts  of 
the  State,  the  spring  water  is  usually  pure  and  soft. 

The  abundance  of  springs  is  shown  in  the  reports  from  single  and 
not  large  farms,  that  within  their  limits  there  are  20,  80,  or  ev^en  40 
active  springs.  The  water  supply  of  most  towns  having  a  public 
water  sybtoui  is  taken  either  from  one  large  spring  or  from  several 
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which  have  been  connected.  Analyses  of  many  of  these  springs 
could  be  given.  Nearly  all  of  them,  however,  simply  show  pure 
water  with  no  organic  and  very  little  solid  matter,  and  as  Vermont  is 
for  the  most  part  not  thic^kly  settled,  there  are.  few  or  no  sources  of 
contamination.  As  an  example  of  what  may  be  regarded  as  an 
avei"age  sample  of  Vermont  spring  water,  the  following  is  given. 
The  sample  was  taken  from  a  tap  located  at  some  distance  from  the 
reservoir  supplied  by  springs.     It  is  not  the  purest  nor  the  worst. 

Analysis  of  water  from  Johnson,  Vt. 


Total  solids 

Loss  on  ignition 

Fixed  solids 

Free  ammonia 

Albuminoid  ammonia 
Chlorine 


Parte  per 
million. 


40.4 
3.2 

37.2 
.018 
.07 
.4 


Nitrogen  as  nitrates 
Nitrogen  as  nitrites. 

Hardness 

Turbidity 

Sediment 

Color 


Parts  per 
million. 


.100 
None. 
3.1 
None. 
None. 
None. 


Mineral  springs, — Mineral  springs  are  found,  though  not  in  large 
number,  in  different  parts  of  the  State.  Most  conunonl}^  they  are 
more  or  less  sulphurous,  but  alkaline  carbonated  springs  also  occur. 
The  chief  resorts  on  account  of  the  water  arc  Alburg  Springs,  High- 
gate,  Sheldon,  Clarendon,  Middleton,  and  Brunswick.  The  springs  at 
South  Hero,  Chelsea,  Concord,  Wolcott,  Newbury,  and  Warren  are 
all  of  some  repute.  The  Equinox  Spring,  at  Manchester,  is  not 
mineral,  but  is  simply  a  very  fine  spring  of  pure  water.  The  water 
of  some  of  the  deep  wells  is  so  strongly  magnesian  as  to  properly 
come  under  the  class  of  mineral  waters. 

The  springs  reporting  shipments  of  water  in  1902^*  are  as  follows: 

Brunswick  Mineral  Spring,  Brunswick,  Essex  County. 
CJlarendon  Springs,  Clarendon  Springs,  Rutland  County. 
Equinox  Spring,  Manchester,  Bennington  County. 
Middletown  Springs,  Middletown  Springs,  Rutland  County. 
Missisqupi  Mineral  Springs,  Sheldon,  Franklin  County. 
Newfane  or  Vermont  ^lineral  Spring,  Putney,  Windham  County. 

The  amount  shipped  is  stated  as  89,100  gallons,  with  a  value  of 
$22,760. 


aPeale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey.  1904,  p.  996. 
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As  examples  of  these  mineral  waters  the  followin|2f  analyses  are  given: 

Atifilyses  of  Vermont  s*pr\ng  nmiers. 


Clarendon  Spring. 

PartHper 
million. 

1                   MisHisquoi  Spring. 

Parts  per 
million. 

Sodium  chloride 

2.5 

2.0 

.8 

182.2 

36.7 

n 

Free  carbonic  acid 

45.49 
.38 

2.12 
.60 

6.52 

Potassium  sulphate 

Sodium  chloride 

Calcium  sulphate 

Calcium  chloride 

1  Magnesium  chloride 

Calcium  bicarbonate 

Magnesium  bicarbonate 

Magnesium  chloride 

Iron  bicarbonate 

1  Sodium  sulphate 

i  Calcium  sulphate 

12.09 

1.8 

Aluminium  sulphate 

2.70 

Silica 

11.2 

.8 

Magnesium  sulphate 

5.51 

Alumina 

Sodium  phosphate 

S(Klium  bicarbonate 

.08 

126.62 

72.19 

1.40 

3.03 

12.25 

Trace. 

Trace. 

Magnesium  bicarbonate 

Manganoufi  bicarbonate 

Ferron.s  ])icarbonat€ 

SiUcii 

Crenic  and  apocrenic  acid 

Titanic  acid 

Ordinary  welh. — Wells  of  any  sort  are  less  common  than  they  would 
be  if  springs  did  not  afford  a  more  convenient  and  better  source  of 
water.  Underground  water  is  everywhere  and  wells  can  be  success- 
fully dug  in  all  parts  of  the  State.  Most  of  the  wells  thus  far  dug  are 
not  deep,  ranging  from  10  to  30  feet,  and  are  usually  wholly  in  the 
drift  or  other  glacial  deposits.  Occasionally  a  well  is  carried  down  into 
the  underlying  rock,  but  not  often. 

The  water  of  wells  is  usually  reported  as  hard  and  almost  always  the 
amount  of  solids  in  well  water  is  much  greater  than  in  spring  w^ater. 
In  some  parts  of  Vermont,  as  on  Grand  Isle,  it  has  ])een  found  better 
to  dig  very  large,  though  shallow  wells.  Some  of  tlu^se  are  10  feet  in 
diameter  and  VI  to  15  feet  deep.  In  this  way  more  water  is  procured 
than  would  he  obtained  by  making  a  small  well  jind  going  deeper. 

Deep  and  (irfcsinn  fnj/s. — Wells  of  this  class  are  found  most  com- 
monly in  the  Champlain  Valley  and  in  the  stratitied  rocks.  The  water 
is  very  often  strongly  impregnated  with  alkaline^  salts,  especially  of 
magnesia  and  lime,  and  is  therefore  very  hard.  Keports  have  l)een 
received  from  about  Ino  wells  which  arc  over  50  feet  deep.  This 
number,  however,  does  not  include  nearh'  all  there  are  in  the  State. 
The  deep(»st  well  in  the  State  is  one  which  was  ])ored  for  (experimental 
purposes  rather  than  water  by  Dr.  W.  S.  Webb.  It  is  1.400  feet  deep 
and  gives  no  water,  though  only  300  feet  from  the  lake  shore.  A  well 
sunk  not  far  from  the  shore  of  the  lake  bv  the  Burlington  Kenderint^ 
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Company  to  a  depth  of  490  feet  found  no  water.     In  both  cases  water 
hud  to  be  supplied  from  outside  for  the  drilling. 

Only  a  few  of  these  wells  flow,  but  in  a  few  the  water  rises  from  4  to 
18  feet  above  the  mouth  of  the  well.  In  or  near  Burlington  there  are 
16  wells  bored  to  depths  of  from  130  to  496  feet.  At  least  5  of  these 
are  so  strongly  impregnated  with  lime  and  magnesia  salts  that  they 
can  not  well  be  used  for  steam,  since  the  precipitation  of  these  salts 
tills  the  pipes.  The  water  in  these  wells  is  clear  and  cold  and  is  much 
liked  for  drinking.  It  has  been 
found  very  beneficial  in  some 
cases  of  dyspepsia. 

The  character  of  the  beds 
passed  through  by  these  wells 
was  much  the  same,  but  the 
thickness  of  each  bed  varied 
greatly;  that  is,  the  first  beds 
were  glacial  and  the  last  were 
Cambrian  or  Lower  Beek- 
mantown,  but  in  one  well  the 
glacial  beds  are  only  20  feet 
thick,  while  in  another  they 
are  over  200.  In  the  slate  re- 
gion, which  is  Cambrian,  there 
are  more  deep  wells  than  in  any 
other  part  of  the  State.  Mr. 
J.  P.  Hoadley,  who  has  })ored 
more  wells  than  anyone  else  in 
the  State,  tells  me  that  he  has 
bored  over  50  in  the  town  of 
Poultney  alone.  Probably  no 
other  town  has  so  large  a  num- 
ber. As  has  been  noticed, 
most  of  the  deep  wells  are  near 
the  western  border  of  the  State,  in  the  towns  lK)rdering  Lake  Champlain. 
The  usual  cost  of  boring  deep  wells  in  this  State  is  from  $1  to  $5  per 
foot. 

LakeM  and  pohds. — Naturally  many  of  those  who  live  near  Lake 
Champlain  take  water  from  it  by  windmill  or,  more  rarely,  by  steam 
pump.  The  only  town  that  takes  its  siii)ply  from  the  lake  is  Burling- 
ton, the  largest  place  in  the  State.  Ilere  the  water  is  pumped  by 
steam  to  two  large  leservoirs,  nearly  400  feet  above  the  lake,  from 
which  it  goes  by  gravity  over  the  city. 
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An  mrenge  ualysk  of  tlie  water  of  Lake  Gmmidaiii  taken  from 
faaoefc  is  as  follows: 


total  aolide  , 

loesoD  ignjtioti 

Fixed  Bo1ld« •*... 

Pree  an]moai&. .....  ^ . 

Fy  Albuminoid  ammottia* 


PtaTti|»r 


T4,l 

56.1 
.085 

.6S 


Put^per 


I  Nitrites... 
Sediment  . 
TurHdi^ . 


aiss 

4.S 
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A  few  towns,  as,  for  example,  Brandon  and  Bellows  Flails,  get  water 
from  small  lakes  or  ponds.  Some  of  these  ponds  are  directly  fed  by 
springs  and  are  therefore  yc^ry  satisfactory  as  a  source  of  supi^y. 

Slrmme. — ^A  few  towns — ^Vergennes,^  Wells  River,  and  some  others— 
f0t  water  from  adjacent  streams.  There  seems  to  be  more  danger  of 
oontamination  in  this  case,  and  the  supply  is  therefore  less  satisfiu^ry. 

OUtetm. — Cisterns  are  not  much  used  in  this  State,  but  there  are 
scmie  places  in  which  the  only  other  supply  is  from  wells  which  give 
hard  water,  and  in  these  places  cistern  water  is  used  for  drinking  and 
laundry.  The  whole  number  of  towns  reporting  cisterns  in  use  is 
very  small. 

SUMMARY, 

It  will  be  seen  from  the  foregoing  statements  that  the  questions 
which  the  necessity  for  wholesome  and  abundant  water  for  domestic 
purposes  raise  in  many  parts  of  the  country  are  not  important  in 
Vermont.  Everywhere,  except  in  a  few  places,  water  is  abundant  in 
quantity  and  excellent  in  quality.  Many  towns  allow  a  large  quantity 
of  cool,  clear,  pure  spring  water  to  run  to  waste  because  there  is  no 
use  for  it.  But  the  conditions  under  which  this  ample  supply  exists 
are  extremely  interesting  and  deserve  extended  study. 

As  has  been  noted,  most  of  the  wells  and  springs  are  located  in  the 
glacial  deposits.  These  are  often  very  thick.  Some  of  the  wells  have 
gone  through  200  feet  or  more  of  these  deposits  before  reaching  the 
underlying  rock.  For  example,  one  of  the  four  deep  wells  at  Fort 
Ethan  Allen  was  bored  through  221  feet  of  sands  and  clays  and  then 
went  over  150  feet  into  the  ledge  below.  Few  wells  except  those  of 
considerable  depth  go  into  the  rock.  Most  either  stop  in  hardpan 
some  distance  above  the  rock  or  go  just  to  the  ledge,  but  rarely  into 
it,  and  in  those  cases  where,  in  the  hope  of  getting  more  water,  the 
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ock  has  been  entered,  the  result  has  not  always  been  satisfactory,  no 
ncrease  in  amount  of  water  being  gained.  In  some  wells  that  have 
►con  carried  a  short  distance  into  the  rock  more  and  better  water  has 
►ocn  obtained,  but  such  cases  are  the  exception.  The  above  applies 
111}-  to  shallow  wells.  In  the  deep  wells  often  the  volume  of  water 
lowing  has  been  increased  by  boring  deeper.  This  is,  however,  by 
lo  means  always  true.  In  the  reports  of  several  deep  wells  we  find 
hat  as  much  or  more  water  was  found  at  200  feet  as  at  300  or  more. 
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MASSACHUSETTS  AND  RHODE  ISLAND. 


By  W.  O.  Crosby. 


Since  Rhode  Island  is  half  encircled  b}'  Massachusetts  and  presents 
no  essentially  distinctive  topographic  or  geologic  features,  the  two 
States  may  best  be  treated  as  a  unit  in  a  preliminary  study  of  their 
underground  waters. 

GEOIiOGY. 

In  a  broad  way  Massachusetts  and  lihode  Island  may  be  subdivided, 
according  to  the  relief  of  the  land,  into  a  number  of  belts,  each  marked 
by  its  own  characteristic  geology  and  topography.  The  westernmost 
of  these  may  be  termed  the  Berkshire  Hills.  These  are  a  series  of  high 
mountainous  ridges  lying  in  the  extreme  western  part  of  the  State, 
the  rocks  of  which  consist  of  strongly  folded  and  faulted  quartzites, 
limestones,  slates,  schists,  etc.,  mostly  of  Paleozoic  age,  which  by 
tfieir  erosion  have  given  rise  to  the  nigged  topography  chanicterizintr 
the  region.  To  the  east  the  Berkshire  Hills  gnidc  olf  into  a  less  rugged 
and  somewhat  lower  region  of  similar  rocks  and  structure,  which 
extends  to  the  borders  of  the  Connectieut  Valley  lowlands.  These 
lowlands  are  marked  in  general  by  the  presence  of  soft  reddish  Triassic 
sandstones  and  shales,  with  an  occasional  trap  bed  forming  the  ridge.s. 
They  extend  from  the  Connecticut  line,  where  they  have  a  width  of 
20  miles  oi-  more,  northward  to  their  termination,  a  few  miles  south 
of  the  N(nv  Hampshire  line.  East  of  the  ( -onnecticut  Valle}'  a  belt 
of  folded  sedimentary  or  nietaniorpliic  rocks  is  tirst  encountered, 
beyond  which  the  broad  crystalline  belt,  consisting  larg(dy  of  igneous 
rocks,  but  including  many  altered  s(»dinientarv  beds,  extends  eastward 
to  the  coast.  In  the  vicinity  of  Boston,  and  ext(Muling  southwestward 
for  some  distance,  and  again  in  the  vicinity  of  Narragansett  Bay,  and 
in  the  region  to  the  northeast,  there  are  considcM'able  areas  of  Carbon- 
iferous sandstones,  conglomerates,  and  slates.  Cape  Cod  and  a  portion 
of  th(»  adjacent  region  consist  sup(»rticially  entirely  of  gravel,  sands, 
etc.,  of  glacial  derivation. 

Over  the  wlioh*  of  the  surface  of  th(^  State  is  spread  a  mantle  of 
drift  left  by  the  glaciers  which  once  covered  the  region.  This  is  of 
08 
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two  types,  a  distinction  l)eiiig  made  }>etween  till,  })owlder  clay,  or  hartl- 
pan,  as  it  is  variously  known,  and  the  different  forms  of  stratified 
drift,  including,  besides  mor6  or  less  distinctly  stratified  gravel  and 
sand,  large  amounts  of  bedded  clay  or  rock  flour.  The  till  is  a  nearly 
universal  deposit.  It  attains  its  greatest  aveittge  thickness  on  the 
upland  surfaces,  and  its  maximum  thickness  in  the  rounded  hills 
known  as  drumlins  and  in  moraines  left  by  the  ice  sheet  which  once 
covered  the  region.  In  the  valleys  and  over  the  lowland  generally 
the  till  is  to  a  large  extent  covered  and  concealed  by  the  stratified 
drift.  Except  in  moraines,  the  till  is  prevailingly  well  compacted,  a 
true  hardpan,  and  contains  enough  clay  and  rock  flour  to  make  it 
essentially  impervious.  Hence,  save  where  it  contains  layers  of  gravel 
or  sand,  it  must  be  reckoned  as  an  unreliable  water  horizon  as  far  as 
large  volumes  are  concerned,  but  it  is  nevertheless  the  source  of  sup- 
ply of  thousands  of  small  wells  used  for  domestic  and  farm  purposes. 
Its  chief  function,  however,  is  to  impound  and  to  control  or  direct  the 
movement  of  the  water  of  overlying  sands  and  gmvels. 

Of  the  stratified  drift,  the  coarser  phases,  including  the  gravel  and 
sand  and  much  of  the  rock  flour,  are  confined  chiefly  to  the  valleys  and 
to  the  lower  portions  of  the  surface,  occurring  largely  as  overwash 
and  delta  plains,  formed  by  glacial  streams. 

WATER  SUPPLIES. 

AREAS  CONSIDERED. 

The  drift  is  by  far  the  most  important  and  reliable  source  of 
underground  waters,  and  this  fact  makes  the  tracing  and  detailed 
mapping  of  these  deposits  a  matter  of  special  interest.  The  principal 
areas  only  may  be  mentioned  hore.  These  are  the  Berkshire  Valley; 
the  valleys  of  the  Connecticut  and  its  principal  tri})utaries,  where  the 
flood  plains  and  termces  have  their  chief  development;  the  Nashua 
Valley,  with  the  delta  plains,  etc.,  of  glacial  Lake  Nashua;  the  Mer- 
rimac  Valley,  with  widespread  delta  and  overwash  plains;  the  Boston 
basin,  with  the  delta  plains  formed  at  many  difl'eront  levels  in  the 
series  of  glacial  lakes  once  existing  there;  the  overwash  and  other 
plains  of  the  Blackstone  Valley  and  the  basin  of  Narragansett  Bay; 
the  widely-extended  plains  of  varied  origin  in  southeastern  Massa- 
chusetts and  on  Cape  Cod  north  of  the  inner  moi'aine;  the  overwash 
or  apron  plains  of  the  inner  moraine  on  Cape  Cod,  east  of  Woods 
Hole;  and  the  similar  plains  of  the  outer  moraine,  on  the  south  sides 
of  Marthas  Vineyard  and  Nantucket. 

The  Pleistocene  or  glacial  clays  are  normally  eomposed  in  large 
part  of  rock  flour;  hut  in  spite  of  this  fact  the\^  must  he  regarded  as 
practically  impervious  and  of  no  interest  as  available  sources  of 
underground  water,  ranking  even  l)elow  the  till  in  this  respect.     It  is 
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fortunate,  therefore,  that  the  glacial  clays  have  deen  deposited  at  rela- 
tively low  levels  and  in  the  coastal  areas,  mainly  below  sea  level. 
Water  is  occasionally  obtained  from  sand  or  gravel  underlying  the 
clays,  in  which  case  it  may  have  considerable  head. 

BERKSHIRE   VALLEY. 

This  is  an  area  of  complexly  folded  and  faulted  sedimentar}-  forma- 
tions, mostly  of  early  Paleozoic  age,  including  in  succession  a  basal 
Cambrian  quartzite  outcropping  along  the  east  side  of  the  valley,  the 
great  crystalline  Cambro-Ordovician  limestone  forming  the  floor  o£ 
the  valley  at  most  points,  and  the  metamorphic  slates  and  schists  of 
the  Greylock  and  Tacouic  ranges.  Although  the  quartzite  is  in  part 
of  a  distinctly  friable  and  permeable  character,  as  is  so  well  shown 
where  it  is  quarried  as  a  glass  sand,  and  is,  therefore,  entitled  locally 
to  some  consideration  as  a  water  horizon;  the  topographic  relatioas 
of  the  limestone  to  the  valley,  regardless  of  other  considerations, 
determine  it  as  the  chief  bed-rock  source  of  water.  Its  crystalline 
texture  makes  the  limestone  practically  impervious  and  limits  its 
water-bearing  capacity  to  joints  and  fault  fissures,  which,  however, 
may  be  appreciably  widened  by  solution.  The  structure  is  not  very 
favorable  to  artesian  flows,  except  perhaps  very  locally.  Though 
somewhat  uncertain  in  its  occurrence  water  is  usually  found  in  the 
deeper  wells.  It  is  possible  that  borings  through  the  limestone  at  cer- 
tain points  nii^ht  develop  artesian  sources  in  the  underlying  (juartzite. 
The  rock  waters  of  the  Berkshire  Valley  are,  in  general,  distinguished 
by  their  hard  or  calcareous  character,  and  considerations  of  quantity 
and  (luality  conihiiie  to  make  them  relatively  unimportant. 

The  drift  of  the  Hcrkshire  region  is  chiefl}'  till,  and  the  stratified 
drift  is  mainly  confined  to  the  bottoms  of  the  valleys,  being  most 
ai)undant,  as  a  rule,  where  the  valleys  are  broadest,  as  in  the  latitude 
of  Williamstown  and  North  Adams,  at  elevations  below  8t>0  feet;  of 
IMttstield  and  Kichniond,  mainly  below  1,000  feet;  and  of  Lenox  and 
Lee,  \vlu4*e  existed  ohicial  Lake  Ilousatonic  at  an  elevation  of  about 
1,000  feet.  South  of  (xreat  Barrin^»'ton  the  stratified  drift,  with  a  nor- 
mal elevation  of  TOO  feet,  and  a  breadth  varying  from  1  to  2  miles,  is 
coiitiiuious  to  the  State  line  and  l)eyond.  The  topographic  relations  of 
tlies(»  deposits  insures  to  them  not  only  the  precipitation  belonging  to 
their  areas,  but  also  a  hw^i^  part  of  the  rainfall  on  the  bordering,' 
slopes  of  till,  and  since  their  own  contours  dt^termine  a  shallow  water 
table,  it  follows  that  they  must  be  n^^arded  as  very  important  and 
readily  available  reservoirs  of  the  ground  water.  As  in  other  lime- 
stone regions,  the  drift  is  more  or  less  calcareous,  as  is  (evidenced  at 
times  by  its  local  cementation,  but  rarely  to  such  a  degree  as  to  make 
the  water  sensibly  hard. 
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CX)NNKCTICUT   VALLEY. 

\^     The  great  thickness  in  this  valley  of  arenaceous  strata,  characterized 

Jiroughout  by  moderate  monoclinal  dips,  is  very  suggestive  of  artesian 

conditions.      It  does  not  appear,  however,  that  this  can  fairly  be 

described  as  an  artesian  basin,  although  in  many  wells  the  water  rises 

nearly  to  the  surface  and  occasionally  flows.     The  best  wells  are  in  the 

^^Mindstone  areas.     In  the  conglomerate  or  arkose  areas  even  the  deep 

"** wells  sometimes  fail  to  obtain  water.     The  waters  are  always  hard, 

,  'especially  in  the  shales,  and  it  is  frequently  impossible  to  use  them  in 

■"^  boilers. 

The  drift  of  this  great  valley,  as  previously  noted,  is  chiefly  stratified, 

'  the  unmodified  drift  or  till  being  almost  entirely  restricted  to  the 

"^  lenticular  hills  or  drumlins,  of  which  there  are  several  notable  groups; 

•^  and  the  modified  or  stmtified  drift,  occurring  in  the  forms  of  lake 

"*'  beds,  deltas,  termces,  and  flood  plains,  attains  in  places,  and  especially 

-   in  the  axis  of  the  valley,  a  considerable  thickness.     In  fact  it  is  one  of 

*    the  principal  storage  reservoirs  of  New  England,  a  large  majority  of 

the  successful  wells,  as  well,  probably,  as  most  of  the  springs,  deriving 

their  water  from  it.     Over  a  large  part  of  the  valley,  and  especially 

on  the  low-lying  plains  as  distinguished  from  the  terraces,  the  water 

table  is  near  the  surface,  and  shallow  wells  afford  an  unfailing  supply. 

The  drift  waters  are  nearly  always  soft. 

EASTERN   AND   WESTERN   HIGHLANDS. 

The  western  highlands  include  the  elevated  hilly  region  between  the 
Berkshire  Hills  and  the  Connecticut  Valley  belt,  while  the  eastern 
highlands  embrace  the  similar  but  less  hilly  region  to  the  east  of  that 
valley. 

The  two  regions  are  alike  in  having  igneous  and  metamorphic  bed 
rock,  thinly  covered  with  till  on  the  uplands.  The  moditied  drift  is 
confined  chiefly  to  the  valleys  and  is  naturally  most  abundant  in  the 
broader  valleys  of  the  eastern  highlands.  This  is,  as  usual,  the  chief 
and  most  available  source  of  the  ground  water;  and  it  is  partly  for 
this  reason  that  we  find  the  population  massed  upon  it,  the  till  of  the 
uplands,  as  a  rule,  supporting  only  a  sparse  farming  population. 
During  the  recession  of  the  ice  sheet  the  conditions  favored  the 
development  of  temporary  glacial  lakes  in  the  valleys,  especially  of 
the  eastern  highlands,  and  at  all  elevations  up  to  1,000  feet  or  more; 
and  thus  may  be  explained  bodies  of  modified  drift  of  exceptional 
volume  and  depth,  h'ing  soniotinies  at  such  elevations  as  to  make  them 
important  storage  reservoirs  for  ground  water. 

Although  everywhere  relatively  superficial,  the  ground  water  is 
naturally  pure  and  soft,  and  a  study  of  the  topographic  map  shows 
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relatively  little  obstructed  drainage  with  consequent  swampy  condi- 
tions and  peaty  waters.  On  the  other  hand,  the  frequently  dense 
village  populations  on  the  narrow  and  shallow  valley  deposits  of  sand 
and  gravel  present  conditions  especially  favorable  to  contamination  of 
the  ground  water  and  suggest  the  introduction  of  a  public  supply  from 
similar  deposits  farther  up  the  valley,  or  from  the  surface  streams  or 
ponds  of  the  uplands.  The  till  of  the  uplands,  derived  from  meta- 
moi*phic  and  highly  quartzose  formations,  is  doubtless  of  an  excep- 
tionally arenaceous  and  porous  textui*e,  and  this  feature,  supplemented 
by  occasional  interbedded  and  superficial  layers  of  washed  material, 
will  readily  account  for  the  water  supply,  often  copious  and  excellent 
of  the  farms. 

NASHUA    VALLEY. 

This  valley  is  excavated  along  a  belt  of  altered  slaty  rocks  in  north- 
east Massachusetts.  It  is  a  relatively  limited  and  simple  tract,  lying 
in  the  valley  of  the  northward  draining  Nashua  River,  and  hence  pre- 
senting exceptionally  favorable  conditions  for  the  development  of 
glacial-lake  phenomena,  including  broad  and  deep  deltas  or  sand  plains. 
These  occur  at  various  levels,  but  are  rather  limited  in  extent  above 
440  feet,  and  have  their  chief  development  below  370  feet.  Above 
the  lake  levels  stratified  gravels  and  sands  occur  but  scantily,  and  the 
till  or  hardpan,  derived  largely  from  slaty  rocks,  is  of  a  relatively 
argillaceous  and  iniperviou.s  character. 

Bed-rock  wells,  whether  sunk  in  the  slaty  rocks  or  in  the  bordering 
schist  and  granite,  niiist  in  general  he  of  little  value,  and,  as  on  the 
highlands,  artesian  conditions  do  not  exist  except  perhaps  very  locally, 
where  the  rocks  are  traversed  by  favorable  fissures. 

(^OASTAL    LOWLANDS. 

In  density  of  population  and  consequent  demand  for  water  this  area 
IcMids  all  the  rest.  Hut  the  concentration  of  the  i)opulation  in  cities 
necessitates  the  extensive  utilization  of  surface  waters,  while  the 
ground  wa4:ers  have  l)een  found  avaihihle  chiefly  for  the  smaller  coui- 
inunities  and  i)ii  vate  interests.  This  is  a  region  of  crystalline,  igneous, 
and  metaniorphic  rocks,  with  the  (exception  of  the  sedinientiiry  de|X)s- 
its,  chiefly  conglomerates  and  slates  of  Carboniferous  age,  of  the  Bos- 
ton, Norfolk,  and  Narragansctt  basins.  Deep  rock  wells  are  more 
conunon  in  this  n^gion,  especially  in  the  vicinity  of  Boston,  than  in 
any  other  part  of  New  Kngland.  On  the  crystilline  formations  the 
proportion  of  deci(h'dly  successful  w(^lls  is  not  large,  and  the  result 
of  a  boring  can  not  1m*  prcdicttHl.  In  the  Carboniferous  slates,  as 
proved  by  numerous  examples  in  Boston,  Cambridge,  etc.,  there 
are  very  few  successful  wells,  the  water  being  almost  invariably  infe- 
rior  in  both  (/uality  and  (\vu\nt.ity.     In  the  conglomerate  series  are 
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mail}'  j^ood  wells  and  comparatively  few  failures.  In  no  ca.se,  prob- 
ably, are  the  rock  waters  yielded  chiefly  by  interstitial  flow;  the  good 
wells  are  those  that  intersect  favorable  systems  of  joints  and  other 
fissures,  and  in  this  connection  it  may  be  noted  tliat  the  joint  structure 
of  the  conglomerate  is  exceptionally  distinct  and  open. 

This  is  a  region  of  abundant  drift  deposits.  The  stratified  drift, 
including  sand  and  gravel  which  is  largely  refemble  to  glacial  lakes 
or  local  apron  plains,  is  widespread  and,  as  usual,  is  the  principal 
source  of  the  ground  water,  supplying  even  some  of  the  larger  cities, 
such  as  Lowell  and  Providence.  These  deposits,  as  previously  noted, 
become  more  continuous  southward  in  the  region  of  Narragansett  Bay 
and  Cape  Cod  Bay,  and  attain,  no  doubt,  a  considerable  thickness. 
They  may  be  regarded  as  a  vast  and  practically  inexhaustible  reser- 
voir of  water,  which,  with  a  uniformly  shallow  water  table,  is  readily 
available  by  pumping  and  far  exceeds  in  quantity  the  demands  of  the 
present  population.  These  statements  may  be  repeated  for  the  great 
apron  plains  south  of  the  terminal  moraine,  on  the  south  side  of  Cape 
Cod,  and  on  Marthas  Vineyard  and  Nantucket. 

NORMAL  CHLORINE. 

The  normal  chlorine,  or  maximum  proportion  of  chlorine  (present 
as  common  salt  or  sodium  chloride)  which  may  exist  in  an  uncon- 
taminatcd  water,  usually  varies  inversely  as  the  distance  from  the  sea, 
the  range  for  Massachusetts  being  from  2.42  parts  per  100,000  at 
Provincetown  and  2.16  parts  on  Nantucket  to  0.06  parts  in  Berkshire 
County.  The  normal  chlorine  not  only  depends  upon  the  proximity  to 
the  coast,  but  it  is  highest  on  the  salient  and  most  exposed  parts 
of  the  coast,  where  the  surf  breaks  heavily  and  the  salt  spray  is 
wafted  inland  most  freely.  Higher  amounts  than  those  indicated  are 
due  either  to  peculiarities  of  the  rocks  or  drift  from  which  the  water 
comes  or  to  pollution  by  sewage.  In  New  England  it  is  conunonly 
the  latter  which  gives  rise  to  high  chlorine,  and  waters  containing  this 
constituent  in  amounts  distinctly  above  the  normal  should  be  avoided 
for  domestic  purposes. 

MINERAL  SPRINGS. 
MASSACHUSETTS. 

Massachusetts  has  the  distinction  of  possessing  a  larger  number  of 
springs  from  which  waters  are  shipped  than  an}^  other  State  in  the  coun- 
try. In  1902  there  were  75  such  springs  that  reported  shipments,  the 
next  largest  number  being  56,  in  New  York.  One  reason  for  the 
large  number  of  springs  reporting  sales  lies  in  the  fact  that  many  of 
them  are  located  near  cities  in  which  the  demand  for  spring  w^aters  fi 
table  puiposcs  is  very  large.     The  total  sales  in  the  year  mentioi 
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amounted  to  8,475,365  jpillons,  having  a  value  of  $562,978.    Foil 
is  a  list  of  the  springs  reporting:  ^ 

AbboUs  Spring,  Methnen,  Enez  County. 

Arctic  Polar  Spring,  Spencer,  Woroester  Ooonty. 

BaUardvale  lithU  Siwing,  Andover,  Eskx  Ooonty. 

Beach  Hill  Spring,  Stoneham,  Middkeex  Ooonty. 

Beaver  Dam  Spring,  Scitoate,  Plymooth  Ooonty.    . 

Belmont  Crystal  Spring,  Belmont,  Middlesex  Ooonty. 

Belmont  Hill  Spring,  Everett,  Middlesex  Ooonty. 

Belmont  Natoral  Spring,  Belmont,  Middlesex  Ooonty. 

Berkshire  Crystal  Spring,  Sheffield,  Berkshire  Ooonty. 

Berkshire  Sodiom  Spring,  Sheffield,  Berkshire  Ooonty.  , 

Bodwell  Spring,  Lawrence,  Essex  Ooonty. 

Bnmham  Spring,  Methoen,  Essex  Ooonty. 

Chapman's  Crystal  Mineral  Spring,  Stoneham,  Middlesex  County. 

Crystal  Mineral  Spring,  Methone,  Essex  Ooonty. 

Crystal  Spring,  Brockton,  Plymooth  Ooonty. 

De«p  Rock  Spring,  Lynnfield  Center,  Soffolk  Ooonty. 

Diamond  Spring,  Lawrence,  Essex  Ooonty. 

El-axhar  (fonnerly  Sheep  Ko<!k)  Spring,  Lowell,  Middlesex  County. 

Elec!tric  Spring,  Lynn,  Ewex  Ooonty. 

Everett  Crystal  Spring,  Everett,  Middlesex  Ooonty. 

Farrington's  Silver  Spring,  Milton,  Norfolk  Ooonty. 

Folton  Natoral  Spring,  Medford,  Middlesex  Ooonty. 

Garfield  Spring,  Weymooth,  Norfolk  Ooonty. 

GMdes  Mineral  Spring,  Marlboro,  Middlesex  Ooonty. 

Ooulding  Spring,  Whitman,  Plymouth  County. 

Highland  Spring,  North  Abington,  Plymouth  County. 

Howe  Spring,  Mill  bury,  Worcester  County. 

Howland  Spring,  Dartmouth,  Bristol  County. 

Hygoia  Artenian  Well,  Spring<iel<l,  Hanipilen  County. 

Ingersoll  (irovc*  Si)ring,  Springfield,  HamiHlen  County. 

Kattthdin  Spring,  liexington,  Middlesex  County. 

King  Philip  Spring,  ^hittai>oiKi*tt,  Plymouth  County. 

Liik<M>  Indian  C^rystal  Spring,  I^iiwrence,  F^sex  (^)uuty. 

I^ng  MtK)rt*  Spring,  Natick,  Midillewx  County. 

l-Anthmont  Spring,  Lexingtini,  Middlesex  County. 

ljt»lund  Spring,  Natic,  Mi<ldleHex  County. 

Ix»xington  Spring,  I-rtixhigton,  Middlesex  County. 

Linden  Mineral  Spring,  Lind(>n,  Middlesex  County 

I^>vers'  lA»ap  Springs,  Lynn,  I'^sst^x  County. 

Magnolia  Spring.  <ilouce.ster,  h]ss<»x  County. 

Massasoit  Spring,  West  Springfield,  HaniiMlen  County. 

Middlesi*x  Mountain  Spring,  Medford,  Middlesex  County. 

Milton  S])ring,  Milt^)n,  Norfolk  Coimty. 

Monatiquot  Spring,  South  Braintree,  Norfolk  County. 

M(K>se  Hill  Spring,  Swampmrott,  Essex  County. 

Mount  Blue  Spring,  Hinghani  Center,  Plymouth  County. 

Mount  Holyoke  Litliia  Spring,  South  Hadley,  Hanij)shire  County. 

Mount  Orient  Spring,  Pelhani,  Hampshire  County. 

Moimt  Phmsant  Spring,  Lowell,  Middlesex  County. 

a  Pealf.  A.  C,  Mineral  wat«rH  r.  y.  for  1902,  U.  8.  Geol.  Survey.  IWM,  p.  JW(;. 
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Mount  Washington  Cold  Spring,  Chelsea,  Suffolk  County. 

My  Irs  Standish  Spring,  South  Duxhury,  Plymouth  County. 

Nii.<hr)])a  Minerel  Spring,  Westford,  Middlesex  County. 

Xcmaskot  Springs,  Middleboro,  Plymouth  County. 

N<>l)S<'ot  Mountain  Spring,  Framingham,  Middlesex  County. 

Norwood  Spring,  Norwood,  Norfolk  County. 

IVari  Hill  Mineral  Spring,  Fitchburg,  Worcester  County. 

lVpiH»rell  Mineral  Spring,  Pepperell,  Middlesex  County. 

Toquot  Spring,  North  Natic,  Middlesex  County. 

Purity  Spring,  Si)encer,  Worcester  County. 

liiivenwood  Spring,  Gloucester,  Essex  County. 

U<)h]>in's  Spring,  Arlington  Heights,  Middlesex  County. 

Sager  Spring,  Dan  vers,  Essex  County. 

Sand  Spring,  Williamstown,  Berkshire  County. 

Shawmnt  Spring,  West  Quincy,  Norfolk  County. 

Silver  Seal  Spring,  Woburn,  Middlesex  County. 

Simpson  Spring,  South  Piston,  Bristol  County.  . 

Smiley  Spring,  Haverhill,  P^ssex  County. 

Steavens's  Spring,  I^wrence,  Esst»x  County. 

Snnnysi<le  Spring,  Franklin,  Norfolk  County. 

Swampscott  Spring,  Swampscott,  Essex  County. 

Trai>elo  Spring,  Belmont,  Middlesex  County. 

rndint*  C-rystal  Spring,  Brighton,   Suffolk  County. 

Valpey  Spring,  Woodland,  Lawrence,  Essex  C-ounty. 

Whitman  Spring,  Whitman,  Plymouth  County. 

Wilbraham  Mountain  Spring,  Wilbraham,  Hampden  County. 

RHODE   ISLAND. 

The  number  of  springs  reporting  sales  in  1902  in  this  State  is  four. 
They  are  as  follows: 

Berry  Spring,  Pawtucket,  Providence  County. 

(fla<lstone  Spring,  Narragansett  Pier,  Washington  County. 

Holly  Mineral  Spring,  Woonsocket,  Providence  County. 

Ochee  Mineral  and  Mtnlicinal  Springs,  Johnston,  Providence  County. 

The  total  sahvs  reported  amount  to  244,212  gallohs,  having  a  value 

of  $2(;,58S.« 
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By  H.  E.  Gregory. 


A  study  of  the  water  resources  of  Connecticut,  based  on  a  large 
number  of  records  of  wells  and  springs,  shows  that  next  to  rainfall 
the  nature  of  the  rockr  or  deposits  is  the  factor  of  greatest  importance. 
In  fact  the  character  and  availability  of  the  water  suppl}^  are  directly 
dependent  upon  two  geologic  factors— the  composition  of  the  rock  or 
other  material,  and  the  number  of  fault  or  joint  fissures  it  may  possess. 

RAINFAIili. 

The  annual  rainfall  in  Connecticut  is  46.89  inches.  This  is  distrib- 
uted throughout  the  year  as  follows:  January,  4.28;  February,  3.94; 
March,  4.23;  April,  3.53;  May,  4.03;  June,  2.95;  July,  4.42;  Augu.st, 
4.30;  September,  3.34;  October,  4.04;  November,  4.48;  December, 
3.44.  This  is  sufficient,  when  taken  in  connection  with  small  evapora- 
tion, to  form  a  constant  supply  for  the  streams  of  the  State,  which 
carry  otl'  about  40  per  cent  of  the  water  that  falls,  and  to  furnish 
abundant  ground  wiiter.  So  that,  so  far  as  Connecticut  is  concerned, 
the  availahh^  wator  supply  depends  on  the  capacity  of  the  rock  and 
the  surface  cover  of  land  waste  to  hold  the  water. 

GKOT.OC;V  AX1>  WATKR  SUPPL.V. 

(h'oJiHjic  HnhiVivlsion^'i, — As  to  the  characteristics  of  rock  structure 
which  aflect  underground  water,  Connecticut  is  divided  into  three  parts: 
The  limestone  (Stockbridge  dolomite)  area  of  the  upper  Housatonic 
Valley,  the  Triassic  sandstone  area  of  the  Connecticut  Valley  lowland, 
and  the  crjstiilline  area  of  metamorphic  rocks  occupying  the  remainder 
of  the  State.  A  small  area  in  the  valley  of  Pomperaug  River  has  the 
same  characteristics  as  the  Connecticut  Valley  lowland.  The  map, 
fig.  17,  shows  the  distribution  of  the  different  classes  of  rock. 

LliHesfo}ie  (trca, — The  parts  of  the  State  underlain  by  the  limestone 
are  not  densely  populated.  They  contain  no  large  cities,  and  the  chief 
pursuits  are  dairying  and  mixed  farming.  The  limestone  rock  varies 
greatly  \n  its  vvater-])earing  capacity,  and  wells  have  usually  to  l)e 
sunk  to  a  considerable  depth  before  a  supply  is  assured.  Of  nine  wells 
rrclected  as  typical,  four  are  over  150  feet  in  de^Jth  (155,  171,  182,  210 
76 
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Feet,  respectively),  and  only  one  is  less  than  50  feet.  When  wells  are 
?unk  this  deep  the  supply  is  plentiful  and .  does  not  vary  with  the 
reasons.  The  water  is  hard,  containing  calcium,  magnesium,  and 
iron.  The  springs  issuing  from  rock  in  the  limestone  area  show 
ibundant,  constant  flow  and  low  temperature.  In  one  case  an  invari- 
ible  temperature  of  45  degrees  is  reported. 

Tri<jL%sic  sandstone  area. — The  bed  rock  of  the  Connecticut  Valley 
lowland  is  sandstone  with  interbedded  basalts  and  intruded  diabases. 
The  sandstone  varies  in  texture  from  coarse  conglomerate  to  fine  clay 
shales  and  is  sufficiently  porous  to  hold  20  to  30  per  cent  of  its  volume 
>f  water.  For  this  area  it  seems  to  be  true  that  the  deeper  the  well 
:he  more  abundant  the  water  supply  down  to  about  500  feet,  and  that 
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Fig.  17.— Arca«  of  liirieMtone,  sandstom*,  and  cryHtalliiU'  rock  water  Hupplies  of  Connecticut. 

ihere  are  no  distinct  water-bearing  beds.  Wells  are  all  deep,  averag- 
ng  for  the  whole  area  over  100  feet.  One  well  at  New  Haven  was 
mnk  to  a  depth  of  4,000  feet  by  the  Winchester  Arms  Company  in  an 
msuceessful  effort  to  obtain  a  flowing  well.  The  conditions  for 
irtesian  water  are  better  in  the  Triassic  rocks  than  elsewhere  in  Con- 
lecticut,  but  are  very  unfavora})le.  While  it  in  true  that  the  sandstones 
contain  abundant  water,  yet  their  composition,  texture,  and  position 
ire  extremely  irregular.  They  are  not  arranged  in  detinite  series,  and 
:hey  have  been  shattered  by  the  forces  which  produced  the  faults  in 
:he  valley.  Then^.  is,  therefore,  no  continuity  of  stnititication  and 
lo  arrangement  of  water-bearing  beds  favorable  for  artesian  wells. 
Che  practice  among  well  drillers  in  Triassic  I'oek  \^  lo  ^vxi^VXi^^^ 
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SO  to  60  feet  bdow  the  first  sappiy  of  water,  so  as  to  have  a  reservoir 
bdow.  Most  of  the  deep-drilled  wells  afford  a  constant  supply,  bat 
two  wells  show  a  decrease  and  five  an  increase  since  they  were  made. 
The  cost  of  60  selected  wells  averages  1280.80,  and  the  cost  of  pump- 
ing apparatus  $240.20.  More  than  half  of  the  wells  in  sandstone 
supply  hard  water.  Springs  in  the  sandstone  area  that  are  known 
to  issue  frcmi  rock  come  up  along  deep-seated  cracks  and  are  much 
colder  than  the  springs  formed  in  glacial  materials. 

The  Triassio  area,  although  it  constitutes  one-fifth  of  the  State, 
contains  one-third  ot  the  population  and  the  most  productive  farms 
(averaging  S20  per  acre  in  annual  value  of  crops),  as  well  as  the 
largest  cities.  It  is  the  tobacco  center,  the  manuf^turing  center,  and 
the  railroad  center  of  the  State,  and  is  steadily  increasing  in  popula- 
tion. The  water  supply  is  the  best  in  the  State,  but  beoausQ  of  the 
growing  population  it  is  becoming  an  important  economic  problem. 
At  present  the  large  cities  are  supplied  by  lakes  and  other  surface 
waters,  in  some  cases  brought  from  considerable  distances.  Tiiese 
supplies  are  not  inexhaustible  and  studies  of  otlier  sources  are  being 
made.  The  very  marked  difference  in  character  and  density  of  popu- 
lation in  the  Ck>nnectacut  Valley  lowland  and  the  crystalline  highland 
is  due  partly  to  the  conditions  which  control  the  water  supply. 

Orf/rtaUme  area. — As  shown  on  the  map  the  area  underlain  by  met- 
amorphic  crystalline  rocks  constitutes  a  large  portion  of  the  State. 
These  rocks  are  remarkably  variable  in  texture,  are  folded,  twisted, 
broken,  and  cut  by  ancient  intru^sion.M  and  veins,  and  do  not  furnish 
favorable  water-bearing  conditions.  Moreover  the  run-off  constitutes 
a  larger  part  of  the  rainfall  than  in  the  sandstone  or  limestone  areas. 
The  wells  for  which  records  are  collected  in  the  crystalline  rocks  (gneiss, 
mica-schist,  etc.)  aveitigo  125.8  feet  in  depth,  and  the  principal  water 
horizon  lies  107  feet  below  tlie  surface.  Some  of  the  deepest  wells 
show  no  water  below  the  first  water  horizon.  Of  *M  typical  wells,  25 
contain  hard  water,  2  show  sulphur  traces,  4  iron.  The  average  cost 
of  drilling  these  wells  is  $67H  and  of  the  pumping  appamtus,  $162. 
Some  wells  have  been  sunk  in  the  crystalline  area  which  liave  resulted 
in  complete  failure  after  the  expenditure  of  thousands  of  dollars.  The 
conditions  governing  the  flow  of  underground  water  in  metamorphic 
rocks  are  not  well  understood,  and  it  is  ho{XHl  that  arrangements  can 
be  made  to  investigate  the  water  resources  of  this  area,  especially  along 
the  coast  lino,  where  the  summer  population  is  increasing  yearly. 

Springs  in  the  crystalline  area  known  to  issue  from  rock  are  fairly 
abundant  and  yield  an  unfailing  supply.  Nearly  all  of  those  which 
have  been  examined  are  located  along  linos  of  faulting  and,  judging 
from  their  constant  low  temperature,  come  from  considenible  depth. 

With  the  exception  of  the  valleys  possessing  water  power,  the  crys- 
talline area  is  given  over  to  mixed  farming,  and  the  population  is 
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scattered  and  in  many  places  is  decreasing.  The  State  of  Connecticut 
has  added  162,000  to  its  population  in  the  last  ten  years,  yet  during 
that  time  55  townships  located  on  the  crystallines  have  decreased  in 
jwpulation.  One  whole  eount}^  (Tolland)  showed  a  net  decrease  of 
about  1,400  between  the  years  1890  and  1900.  The  value  of  farm 
products  on  the  crystalline  uplands  has  increased  somewhat  during 
the  past  decade,  yet  it  barely  exceeds  $10  per  acre,  and  the  proportion 
of  improved  land  to  total  area  is  less  than  10  per  cent. 

Faults. — Connecticut  is  traversed  by  sets  of  fault  planes  running  in 
three  or  four  principal  directions.  The  breaks  have  produced  pro- 
found eflfects  on  the  topography  and  exert  a  marked  influence  on  the 
water  resources.  They  control  in  part  the  direction  of  Connecticut 
rivers  and  are  the  chief  cause  for  the  many  deep,  cold  springs  of  the 
State,  and  especially  of  the  mineral  springs  used  for  table  waters. 
The  springs  near  South  Britain,  those  which  supply  water  to  the  vil- 
lage of  Collinsvillc,  and  the  Stafford  springs  are  examples  of  those 
which  are  believed  to  owe  their  origin  to  deep-seated  fault  cracks. 
Springs  from  such  deep  sources  form  valuable  water  supplies  and  a 
study  is  being  made  of  their  distribution  and  character  and  of  means 
for  their  fuller  utilization. 

Wattr  HuppVy  of  the  drift. — The  entire  State  of  Connecticut  has 
l>een  overridden  by  the  ice  of  the  Glacial  epoch,  and  this  fact  has  greatly 
atfected  the  water  supply.  The  numerous  lakes,  ponds,  swamps,  and 
many  of  the  smaller  streams  owe  their  position  and  their  very  exist- 
ence to  the  continental  ice  sheet.  Of  particular  value  to  man  are  the 
hundreds  of  lakes,  which  constitute  the  principal  water  supply  for 
cities  and  villages.  The  soil  of  Connecticut  also  dates  from  the  Glacial 
epoch,  and  its  chamcter  as  a  water  bearer  is  determined  by  this  circum- 
stance. The  bed  rock  is  covered  nearly  everywhere  by  one  of  two 
kinds  of  glacial  material:  (1)  Till,  which  was  deposited  directly  by  the 
ice,  and  which  is  a  heterogeneous,  unassorted  mass  of  l)owlders  of 
different  .^izes  embedded  in  clays  of  variable  texture  and  composition; 
(2)  stratified  drift,  whicli  is  made  up  of  sands,  gravels,  and  clays, 
sorted  as  to  size  and  deposited  in  layers,  and  which  owes  its  structure 
to  the  fact  that  it  was  deposited  by  water. 

The  till  occupies  all  the  highlands  of  the  State,  forming  a  mantle, 
usually  but  a  few  feet  in  thickness,  over  the  crystallines  and  over  the 
trap  ridges  of  the  Triassic  area.  Wells  in  till  are  usually  shallow, 
rarel}'  over  50  feet  in  depth,  and  it  is  the  pnictice  to  sink  them  but 
a  few  feet  below  the  principal  water  horizon.  Seventeen  wells  are 
reported  as  being  less  than  10  feet  in  depth  and  yet  containing  an 
abundant  supply  of  water.  In  general,  the  wells  of  the  till  area  con- 
tain soft  vvat(M\  which  varies  in  amount  with  the  seasons.  During  an 
unusually  dry  summer  the  wells  in  some  sections  dry  out  entirely. 
The  till-covcred  crystidlines  are  being  occupied  by  hotels,  sanitariuma 
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and  countrj  estates,  and  the  problem  of  the  increased  water  supply 
for  these  is  becoming  more  and  more  important. 

The  springs  of  the  till  area  furnish  prevailingly  soft  water,  and, 
like  the  wells,  show  their  connection  with  the  rainfuU  by  their  varia- 
tion  from  year  to  year  and  from  season  to  season.  Except  in  extraor- 
dinary years  the  variation  is  slight,  because  the  Connecticut  rainfidl 
is  evenly  distributed  throughout  the  year.  (Rainfall  at  New  Haven: 
Spring,  11.67  inches;  summer,  13.79;  autumn,  11.67;  winter,  11.84.) 

Stratified  drift  forms  the  cover  over  a  large  part  of  the  sandstone 
district,  and  also  occupies  the  valleys  in  the  crystallines.  It  varies  in 
depth  from  only  a  few  inches  to  over  600  feet,  and  because  of  its  pre- 
vailingly loose  texture  forms  a  water  reservoir  of  great  capacity.  On 
the  New  Haven  sand  plain  and  in  general  throughout  the  Connecticat 
Valley  lowland,  water  maintains  a  permanent  level  90  to  SO  feet  below 
the  surface,  and  the  practice  is  to  sink  the  wells  to  some  distance 
below  this  water  horizon,  so  that  a  reserve  supply  is  always  on  hand. 
Where  large  quantities  of  water  are  required  for  boilers,  manuftc^ 
tones,  swimming  pools,  etc,  several  wells  are  sunk  in  dose  proximity 
and  connected  with  one  pump.  Yale  University  uses  84  such  wells  to 
supply  water  for  the  gymnasium.  The  wells  in  the  stratified  drift, 
for  the  most  part,  furnish  pure  water  and  indicate  an  available  supply 
which  may  be  used  as  the  cities  increase  in  size.  Wells  are  nearly  all 
driven,  and  cost  on  an  average  $348.  The  pumping  apparatus  costs 
on  the  average  $250.  Springs  in  stratified  drift  are  not  numerous, 
and  they  vary  in  size  accordinj^  to  the  relative  thickness  and  posi- 
tion of  the  sand  and  clay  layers.  Many  are  wet-weather  "seeps;" 
others  furnish  suflScient  supply  for  a  farnihousc;  a  few,  like  the 
Poquabuck  Spring,  near  Bristol,  have  sufficient  water  to  form  a  brook. 

Mineral  springs. — Fourteen  springs  in  the  State  furnish  water  for 
table  use  and  for  medicinal  purposes.  The  Arethusa  Spring,  at  Sey- 
mour, which  is  perhaps  best  known,  marketed  38,(M)0  gallons  of  water 
in  1902.  Extreme  purity  is  the  chief  characteristic  of  the  springs 
located  along  fault  lines,  although  in  a  few  cases  the  analyses  show 
the  presence  of  lithium,  niagnesiuni  sulphate,  and  other  ingredients 
which  give  them  medicinal  values.  The  pure  and  abundant  spring 
water  is  an  extremely  valuable  commercial  asset  for  the  State. 

The  sprinyfs  reporting  sales  in  1902  are  given  in  the  following  list. 
The  total  output  is  reported  as  307,000  gallons  and  the  value  as 
$194,085.« 

Althea  Sprinpp,  near  Waterbnry,  Now  Havon  County. 

Arethusa  Sprinjr,  St^yniour,  New  Haven  C\)unty. 

Anpinock  Mineral  SpringH,  Putnam  HeijslitH,  Windham  Gmnty. 

Cherry  Hill  Spring,  Ham<len,  New  Haven  County. 

(Jranite  Rock  Spring,  Higganum,  Middlesex  County. 

Live  Oak  Spring,  Meriden,  New  Haven  ('ouuty. 

al'eale,  A.  C,  Mineral  Rcaourceu  U.  S.  for  19(tt,  U.  S.  Geol.  Survey.  lVa4.  p.  Wti. 
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Mohican  Spring,  near  Bridgeport,  Fairfield  County. 
Oxfonl  Mineral  Spring,  Oxford,  New  Haven  County. 
Park  Spring,  Willi  man  tic,  Windham  County. 
F*iiritan  Spring,  Norwich.  New  London  County. 
Stafford  Mineral  Spring,  Stafford  Springs,  Tolland  County. 

Each  year  more  land  of  the  till-covered  uplands,  which  has  proved 
unprofitable  for  fanning,  in  being  purchased  for  country  residences 
and  large  estates.  For  these  puiposes  an  abundant  supply  of  water 
of  unquestionable  purity  is  indispensable. 

It  is  of  scientific  interest  that  the  Indian  Rock  spring  water  at  New 
Milford  and  also  the  surface  water  at  New  Haven  have  been  shown  to 
be  radio-active. 

With  the  exception  of  the  medicinal  waters  the  Connecticut  supply 
is  used  almost  entirely  for  domestic  and  manufacturing  purposes,  and 
for  these  uses  is  uniformly  good.  Very  rarely  are  wells  or  springs  or 
surface  supplies  unfit  for  domestic  use  and  only  a  few  manufacturers 
report  water  unsuited  for  boilers  or  for  washing  fabrics. 

Strexiui  mjrplies, — The  larger  rivers  of  the  State  are  not  at  present 
directly  available  as  water  supply  because  the  sewage  and  refuse  from 
manufacturing  establishments  are  emptied  directly  into  them.  They 
thus  stand  as  a  large  unimproved  resource  which  may  be  developed 
whenever  the  demand  for  increased  domestic  water  supply  justifies  the 
expense  of  installing  plants  for  the  purification  of  sewage. 

Irrigation, — Irrigation  is  practiced  to  a  small  extent  in  Connecticut, 
and  wherever  used  the  results  more  than  justify  the  expense.  There 
are  but  few  crops  which  have  all  the  water  necessary  for  their  maxi- 
mum yield.  Hay,  in  particular,  needs  abundant  water,  and  is  one  of 
the  most  valuable  crops  of  Connecticut.  There  is  no  doubt  but  that 
the  yield  of  most  field  crops  could  be  greatly  increased  both  in  acreage 
and  amount  per  acre  by  the  use  of  water.  The  valleys  of  the  cr3^stal- 
line  uplands  which  are  now  sparsely  settled  are  particularly  adapted 
to  irrigation,  and  it  seems  evident  that  a  more  intelligent  use  of  the 
soil,  the  woodlands,  and  the  water  resources  of  the  State  could  win 
the  unimproved  and  abandoned  lands  to  profitable  agriculture. 
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NEW  YORK. 


By  F.  B.  Weeks. 


In  the  State  of  New  York,  as  in  other  reg^ions  where  there  is 
considerable  variation  in  the  amount  of  rainfall  or  in  the  rate 
evaporation,  the  occurrence  and  character  of  the  underground  wat 
are  very  largely  determined  by  the  topography,  by  the  character  of 
soil  and  underlying  rocks,  and  by  the  structural  features  of  the  stn 

PH  i  SIOGRAPIIY. 

The  State  may  be  divided  into  five  distinct  physiographic  provinc 
viz,  (1)  Adirondack,  (2)  Eastern  (Taconic),  (3)  Catskill,  (4)  Allelic 
Plateaus,  (5)  Ontario.  The  Adirondack  province  is  the  only  one  lyi 
wholly  within  the  State,  the  others  forming  parts  of  larger  topograp 
divisions  which  extend  beyond  its  limits. 

1.  The  Adirondack  province,  second  in  size,  comprises  a  mounta 
ous  area  flanked  on  all  sides  by  a  lower,  hilly  country.  It  is  draii 
by  headwaters  of  sti-eanis  flowinc>;  into  St.  Lawrence,  Hudson,  Bla 
and  Mohawk  rivers. 

2.  The  eastern  (Taconic)  ])rovinee  in  its  northern  part  is  hilly 
mountainous,  hein^r  formed  by  the  Taconic  ranges,  which  extend  ii 
Vermont  and  Massachusetts,  while  in  its  southern  part  it  l>econ 
more  gently  undulatint,^  It  is  ])rineipally  drained  by  short  strea 
flowing  into  the  Hudson. 

3.  The  Catskill  province  is  compos(Hl  in  part  of  folded  rocks  of  1 
northern  extension  of  the  eastern  Appalachian  ridges,  and  in  part 
horizontjil  rocks,  and  on  the  west  merges  into  tlu^  Allegheny  Platen 
province.  This  region  has  been  deeply  dissected  by  streams  wh 
flow  into  Hudson,  Delaware,  and  Suscjuchanna  rivers. 

4.  The  Allegheny  Plateaus  ])rovince  occupies  one-third  of  the  Sta 
comprising  the  area  south  of  the  Ontiirio  provinct*  from  Lake  Erie 
the  Catskills.  It  contains  a  numlxM*  of  broad  river  valleys  and 
drained  by  streams  that  flow  into  Susquehanna,  Alleghcn\',  and  Gei 
see  rivers. 

5.  The  Ontario  province  extends  in  a  rather  narrow  band  arou 
Lake  Ontiirio  from  the  Niagara  to  the  St.  Lawrence*  and  is  drained 
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.short  streams,  some  of  which  form  the  outlets  of  the  so-called  Finger 
lakes. 

The  accompanying  map  (PI.  V)  shows  the  main  drainage  lines  in  the 
State  and  from  these  the  outlines  of  the  several  physiographic  prov- 
inces may  be  deduced.  The  distribution  and  lithologic  character  of 
the  several  geologic  systems  represented  in  the  State  have  been  indi- 
cated, except  the  Quaternary.  Those  springs  which  are  of  commer- 
cial value  are  also  noted  on  the  map.  They  include  all  springs  thus 
far  reported  whose  waters  are  sold  or  used  in  connection  with  manu- 
facturing enterprises  or  public  water  supply. 

GEOL.OGY  AND  UNDERGROUND  WATERS. 

The  underground  waters  will  be  discussed  under  the  several  geologic 
divisions. 

Pre-Camh'ian. — ^The  pre-Cambrian  system  is  composed  of  ancient 
crystalline  rocks  and  of  more  or  less  metamorphosed  stratified  rocks 
which  can  not  readily  be  separated  from  them.  Pre-Cambrian  rocks 
form  the  greater  part  of  the  Adirondack  region  and  also  outcrop  in  the 
southeastern  part  of  the  State.  No  distinct  water-bearing  beds  occur 
in  these  rocks,  since  the  most  of  them  are  not  stratified  or  have  been 
so  greatly  compressed  and  folded  that  the  stratification  planes  are  no 
longer  even  approximately  horizontal.  The  ground  water  descends 
along  fracture  planes  and  can  be  obtained  at  various  depths. 

In  the  Adirondacks  there  are  a  great  number  of  springs,  such  as  are 
common  in  mountainous  areas.  They  are  the  sources  of  the  many 
stream^  that  drain  the  region.  The  inhabitants  depend  very  largely 
upon  streams  and  springs  for  domestic  and  stock-water  supply.  The 
few  wells  reported  obtain  their  water  from  sands  and  clays  overlying 
the  hard  rocks.  In  the  southeastern  part  of  the  State  the  pre-Cambrian 
system  consists  of  granites,  gneisses,  and  metamorphic  rocks,  com- 
pressed into  folds  which  have  a  northeast-southwest  direction,  and 
which  outcrop  in  New  York,  Orange,  Putnam,  and  Westchester  coun- 
ties. In  Putnam  and  Westchester  counties  several  springs  having  a 
How  of  100  to  300  gallons  an  hour,  and  many  smaller  springs  are 
reix)rted.  The  water  from  a  few  of  them  is  bottled  and  sold.  Records 
of  deep  wells  up  to  250  feet  have  been  obtained.  The  deep  wells  are 
pumped  by  windmills  or  other  power  and  furnish  from  30  to  250 
barrels  a  day.  The  waters  of  these  wells  are  usually  soft.  By  far  the 
greater  number  of  wells  are  dug  or  blasted  in  rock.  These  are  from 
6  to  50  feet  deep,  and  three-fourths  of  them  are  said  to  fail  during 
protracted  drouglits.     The  water  is  frequently  reported  as  alkaline. 

C'amJr^^Vry^.  — The  Cambrian  limestones  and  slates  extend  in  a  long, 
narrow  band  through  Washington  and  ReiLsselaer  counties  into  Colum- 
bia. These  strata  have  been  greatly  affected  by  folding  and  faulting, 
which,  together  with  the  considenible  variation  in  the  litholo^Va  ofesNt- 


84  UNDKRORorND    WATKR8»   EASTERN    UNITED   BTATK8*      [^n  lU 

livivv  of  thi*  rinkw,  fruquontly  cau^e  a  marked  cUlfi^reiico  m  depth  t 
Wjit^r  huri 5^011*4  and  in  the  chanichr  of  the  wntcr  within  Kburt  dis 
tarjcos.  Thoro  HIT  HpHiijjfH  of  hir^'o  flow  in  thin  iv;jion,  and  tlif  supi^lj 
tjf  I r limy  of  thrni,  wljirli  npiMmr^  U*  coiiu*  frorti  (^uat^Mniury  yjindn  njn 
clayii,  Ih  [sruhably  laryoly  dc^rivc»d  from  the  underlying  Htmta*  A 
("rutihrid^t*  and  Sliushan,  in  Wa.s!iin*j:tiJn  Coniity,  sprinj^^sof  very  lar^ 
Hi>w  art^  n*}Kntcul.  At  otht*r  localitirH  MjirinifH  are  iitili/,od  t<P  till  if 
lHm(U  and  ako  furnl^li  watXT  powur  for  i^nuill  fi*ed  and  .sa  win  ills.  Mm 
of  the  wells  in  the  area  an^  les,H  than  \W  feet  deep.  Their  walvt> 
exeopt  those  in  the  linit*stnrie  huistvs  are  Koft.  In  thfi  t^own  of  (.'uni 
bridge,  Washin^'t^m  C.'ounty,  a  well  drilled  to  a  depth  of  39  feet  fu( 
nishes  ITiO  to  tino  p^ltonw  an  boar  and  fnay  l»o  eonj*idored  an  avemg 
well  of  the  region » 

The  Cambrian  natidMonc  (eomnionly  known  as  the  Potsdam  mm 
*itcjne)  oeeiirw  on  the  northern  sidn  of  the  AdirondaekH  and  aL*4i)  i 
detached  anmf<,  too  ^^niall  to  hv  i^hown  on  the  map,  on  the  wouthea^tei; 
and  iKmtJiern  fltmkH,  It  it«  Ufiually  a  compact  nand^tone  varying  i 
t*olor  from  light,  gray  to  buff  and  .Htmii^tinie?*  nxIdish-lM-tJwn,  No  m 
ord^*  uf  deep  vveU«  in  the^ie  sandstoneH  have  been  ol)tained.  Dug  wel 
SS(J  to  50  feet  deep  fnrni»h  a  f<uJHeient  supply  for  donie^^tie  purpose 
Small  ?4pringH  are  very  abtimlant,  but  none  uf  very  much  eoonom 
itn|K»rtarLre  ari^  known. 

Onfiwieiun. — The  strata  whieh  are  called  Ordovieian  consist  of 
great  thiekness  of  limestone  and  isliah^s^  often  intensely  folded  jtn 
highly  metamorphoHod,  They  fi>rm  the  surf  are  rocks  of  the  Aloha  vt^ 
River  Valley,  extending  in  a  north we8t4>rly  direction  from  AUmny  i 
Lake  Ontario  along  the  southeastern,  southern,  and  southwestern  sidi 
of  the  Adirondaek  area,  riiey  a  bo  oceu[jv  the  greater  ptirt  of  tJl 
region  em<i  of  Hudson  Kiver  south  of  Lake  Champlain,  and  south* 
Kingston  they  extend  in  a  southwesterly  direction  beyond  the  N« 
Jersey  line.  They  also  a<*eur  in  a  narrow  strip  along  the  St,  Ijev 
rence.  Within  these  areas  many  springe  of  eonsiderable  eeonoai 
importanee,  inelmling  a  large  number  of  minenil  springs,  come  toti 
snrfaiHi.  Tiiey  are  |mrticuhiriy  abundant  in  the  valley  uf  the  Mohaw 
and  in  a  number  of  loealities  furnish  water  power  and  in  others  supp 
creameria^,  raiboad  tunks,  ete.  The  celehnited  mineral  wat^^rs 
SaraUjga  Springs  ami  vicinity  are  found  in  fnicture*!  zones  of  t! 
Trenton  limest^^ne,  wlu're  they  (nrur  in  a  narrow  belt  extending 
severnl  mihvs  in  a  noHheast-sontfiwest  diretiion*  The  shale  ni 
form  the  greater  [)art  of  this  system  and  atl'ord  the  larger  ^mrt  of  t 
water  supply. 

Masserni  SpringN,  in  St*  I^^iwi^enee  County,  and  Lelmnon  Springs, 
Columbia  County »  are  okl,  well -known  minenil  spring  resorts,  t 
latter  Iwing  the  only  thermal  water  in  the  State* 

J/j  sunie  livmt^^  an  in  southwest**  rn  Montgoujery,  in  Albany,  ColuB 
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acter  of  the  rocks,  frequently  cause  a  marked  difference  i 
water  horizons  and  in  the  character  of  the  water  within 
tances.  There  are  springs  of  hirge  flow  in  this  region,  and 
of  many  of  them,  which  appears  to  come  from  Quaternary 
clays,  is  probably  largely  derived  from  the  underlying  i 
Gambridgc  and  Shushan,  in  Washington  County,  springs  of 
flow  are  reported.  At  other  localities  springs  are  utilizer 
ponds  and  also  furnish  water  power  for  small  feed  and  sa  wm 
of  the  wells  in  the  area  are  less  than  100  feet  deep.  Th 
except  those  in  the  limestone  lenses,  are  soft  In  the  toi 
bridge,  Washington  County,  a  well  drilled  to  a  depth  of  9 
nishes  150  to  200  gallons  an  hour  and  may  be  considered 
well  of  the  region. 

The  Cambrian  sandstone  (commonly  known  as  the  Poti 
stone)  occurs  on  the  northern  side  of  the  Adirondacks  a 
detached  areas,  too  small  to  be  shown  on  the  map,  on  the  sc 
and  southern  flanks.  It  is  usually  a  compact  sandstone 
color  from  light  gray  to  buff  and  sometimes  reddish-browi 
ords  of  deep  wells  in  these  sandstones  have  been  obtained. 
20  to  50  feet  deep  furnish  a  sufficient  supply  for  domestic 
Small  springs  are  very  abundant,  but  none  of  very  mucl 
importance  are  known. 

Onlovician. — ^The  strata  which  are  called  Ordovician  o 
jrrcat  thickness  of  limestone  and  shales,  often  intensely 
highly  metamorphosed.  Tliey  form  the  surface  rocks  of  tl 
Kiver  Valley,  extiMidin^  in  a  northwcsterh^  direction  from 
Lake  Ontario  alon^  the  southeastern,  southern,  and  soutbwc 
of  the  Adirondack  area.  They  also  occupy  the  greater  j 
region  east  of  Hudson  River  south  of  Ltike  Chaniplain,  an 
Kingston  they  extend  in  a  southwesterly  direction  be3'on 
Jersey  line.  They  also  occur  in  a  narrow  strip  along  th^ 
rence.  Within  these  areas  many  springs  of  considerabh 
import^mce,  including  a  large  number  of  mineral  springs,  c 
surface.  They  are  jiarticularly  abundant  in  the  valley  of  th< 
and  in  a  number  of  localities  furnish  water  power  and  in  otl 
creameries,  railroad  tanks,  etc.  Th(»  celebnited  mineral 
Samtoga  Springs  and  vi<*inity  are  found  in  fractured  zo 
Trenton  limestone,  wh<»re  they  occur  in  a  narrow  belt  ext 
several  miles  in  a  northeast -south  west  direction.  The  s 
form  the  greater  part  of  this  system  and  alFord  the  larger  ] 
water  supply. 

Massena  Springs,  in  St.  l^siwrence  County,  and  Lebanon  i 
C'olumbia  County,  are  old,  well-known  mincMal  si)ring  r 
latter  Iwing  the  oidy  thermal  wati^r  in  the  State*. 

In  some  aroas,  as  in  southwestern  Montgomery,  in  Albai 


WEEK8.1  NEW    YORK.  85 

bia,  and  other  counties,  wells  3Meld  from  50  to  200  gallons  per  minute, 
the  water  l>eing  obtained  in  the  shales  at  depths  of  100  to  500  feet. 
In  some  of  the  wells  the  water  is  hard,  in  others  it  is  soft,  and  in 
many  it  contains  consideral)le  gas.  These  artesian  areas  are  deter- 
mined by  varying  local  conditions  of  structure  and  rock  composition. 
Wells  that  require  pumping  are  very  abundant,  and  the  depth  to  water 
in  the  solid  rocks  vanes  with  the  thickness  of  the  glacial  sands  and 
gravels  which  cover  a  large  part  of  the  Ordovician  strata.  The  water 
of  such  wells  is  usually  abundant,  but  it  is  frequently  impregnated 
with  iron,  sulphur,  and  gas,  which  in  some  instances  renders  it  unfit 
for  drinking. 

SUnrian, — The  Silunan  rocks  outcrop  in  a  narrow  band  from  the 
New  Jersey  line  northeastward  to  Kingston  and  northward  to  a  point 
opposite  Alban\',  where  the  belt  bends  to  the  northwest  and  occupies 
nuich  of  the  Ontario  province.  The  sandstones  that  form  the  lower 
part  of  the  system  extend  along  the  southern  shore  of  Lake  Ontario 
and  on  its  eiistern  shore  spreacl  out  over  a  broad  area  north  of  Oneida 
Lake.  As  the  greater  part  of  this  area  is  covered  with  glacial 
deposits,  the  springs  may  derive  their  waters  wholly  from  these  beds. 
Several  importiint  mineral  springs  are  found  in  this  region,  notably 
those  of  Oswego,  from  which  water  has  been  sold  since  1870.  The 
wells  that  penetrate  the  sjindstones  range  in  depth  from  50  to  125  feet, 
and  furnish  large  supplies  of  water,  which  is  usually  hard. 

South  of  these  sandstones  is  an  area  of  limestone,  in  which  springs 
of  hard  water  are  fairl}'^  abundant.  No  important  mineral  springs 
occur  in  it.  In  Orleans,  Monroe,  and  Wayne  counties  wells  drilled  to 
depths  ranging  from  75  to  125  feet  obtain  supplies  amounting  in  some 
cases  to  150  gallons  per  hour.  This  limestone  area  narrows  eastward 
and  disappears  south  of  I' tica. 

The  highest  rocks  of  this  system  are  generally  shales,  and  extend 
from  Niagam  River  eastward  in  a  belt  parallel  to  the  limestones  and 
sandstones.  Nearly  all  the  waters  from  these  shales  contain  mineral 
matter  in  var3^ing  amounts,  and  many  of  them  are  used  for  medic- 
inal purposes.  The  water  of  Oak  Orchard  Springs,  in  Genesee 
County,  is  remarkable  for  its  content  of  free  sulphuric  acid,  which 
is  a  rare  constituent  of  mineral  water.  In  Oneida  County  there  are 
a  large  munber  of  mineral  springs  and  wells  near  Clinton,  Franklin 
Springs,  Kirkland,  and  Rooneville,  from  which  water  is  bottled  and 
sold.  These  waters  conH*  from  nc^ar  the  junction  of  the  sandstones 
and  shales.  One  of  th<^  d(»e])  wc^lls  in  this  county  is  at  Deansboro. 
This  is  800  feet  in  depth  and  the  water  rises  within  20  feet  of  the  sur- 
face and  is  used  for  cooling  milk.  In  Niagara  County  near  Lockport 
a  well  115  feet  deep  penetrated  the  shales  and  the  water  flows  during 
the  winter  months.  Near  Henrietta,  Monroe  County,  is  a  flowing 
well  66  feet  in  depth,  which  is  said  to  afford  a  large  supply  of  water. 
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The  southern  limit  of  the  Silurian  is  marked  by  a  narrow  band  of 
sandstone  extending  from  Genesee  County  eastward,  and  along  or 
near  the  line  of  contact  there  are  many  springs.  Among  these  are 
mineral  springs  near  Williamsville,  Honeoye  Falls,  Clifton  Springs, 
Chittenango  Springs,  and  Sharon  Springs. 

Devonian. — ^Bocks  of  this  system  cover  practically  all  tiie  Allegheny 
Plateaus  and  Oatskill  provinces.  It  contains  two  prominent  narrow 
limestone  bands  and  a  great  thickness  of  shales  and  sandstones.  The 
entire  thickness  of  the  series  has  been  estimated  at  about  8,400  feet 
The  Silurian  sandstone,  just  described,  is  succeeded  to  the  south  by  a 
prominent  limestone,  which  is  followed  farther  soutii  by  a  series  of 
shales.  Along  the  contact  of  this  limestone  and  shale  several  impor- 
tant mineral  springs  occur.  Prominent  resorts  and  sanitariums  are 
located  at  Avon,  Richfield  Springs,  and  Cherry  Valley.  Still  farther 
south  are  springs  at  or  near  Penn  Yan,  Dryden,  Watkins,  Slaterville, 
imd  Spencer,  their  waters  being  derived  from  the  upper  portion  of 
the  Devonian  sandstones  and  shales. 

In  the  central  and  northern  portions  of  the  Devonian  area  compara- 
tively few  flowing  wells  have  been  reported.  In  Chautauqua,  Ofttta- 
langus,  and  All^pmy  counties  most  of  the  wells  in  rock,  100  to  500 
feet  deep,  flow  and  furnish  up  to  1,000  gallons  an  hour.  They  are 
principally  used  for  domestic  purposes,  creameries,  oil-pumping 
machinery,  and  various  manufacturing  establishments.  Some  of  them 
are  mineralized  and  are  considered  beneficial  in  treating  various  dis- 
eases. In  the  southern  tier  of  countieH  east  of  Allegany  County  the 
number  of  flowing  wells  decreases,  but  large  supplies  of  water  are 
obtained  by  pumping.  An  appreciable  amount  of  iron  and  sulphur  is 
found  in  the  waters  of  many  of  the  wells  throughout  the  Devonian 
area. 

TriasHic. — ^The  rocks  of  this  system  are  reddish  sandstone  and 
diabase  and  outcrop  in  Rockland  Count3^  Water  comes  to  the  surface 
along  the  line  of  contact  of  these  rocks  in  springs  and  seeps.  At  West 
Nyack  and  Bardonia  the  flows  are  estimated  at  100  gallons  an  hour. 
At  Nanuet  and  Orangeburg  are  other  important  springs.  Fair  sup- 
plies of  water  are  obtained  at  Monsey,  Spring  Valley,  and  Orange- 
burg, at  depths  ranging  from  40  to  180  feet.  Most  of  the  wells  in  the 
diabase  or  trap  rock  are  shallow  and  the  suppl}^  materially  diminishes 
in  dry  seasons.  In  the  sandstone  the  suppU'  is  more  abundant  and 
permanent  and  the  water  is  usually  soft. 

Cretaceous. — The  Cretaceous  beds  underlie  the  Quaternary  drift  at 
no  great  distance  from  the  surface  throughout  the  larger  part  of  cen- 
tral and  western  Long  Island  and  outcrop  at  a  number  of  points  along 
the  north  shore,  and,  more  rarely,  in  the  hills  of  the  interior.  Flow- 
ing wells  of  excellent  water  have  been  obtained  at  depths  ranging 
from  100  to  700  feet  below  sea  level. 
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Quaternary, — The  Quaternary  deposits  of  gravel,  sand,  and  clay 
are,  for  the  most  part,  of  glacial  origin  and  cover  the  hard  rocks  to  a 
great  extent.  Their  thickness  in  places  amounts  to  300  feet  or  more. 
Water  permeates  these  unconsolidated  materials  very  readily,  and  it 
is  probable  that  the  amount  of  well  and  spring  water  obtained  from 
these  deposits  equals  or  even  exceeds  that  derived  from  all  other  strata 
in  the  State.  Springs  are  very  abundant  and  some  of  them  have  large 
flows,  which  are  utilized  in  many  ways.  Where  not  locally  contami- 
nated they  furnish  water  of  excellent  quality,  which  is  frequently 
used  to  supply  village  and  town  waterworks.  Flowing  wells  are  very 
abundant,  especially  in  the  southern  part  of  the  State,  and  yield  from 
60  to  600  gallons  an  hour.  Thousands  of  dug  and  driven  wells  through- 
out the  State  derive  their  supplies  from  the  Quaternary  beds. 

The  largest  supplies  from  the  Quaternary  deposits  are  obtained 
from  the  outwash  plains  and  other  deposits  of  Long  Island.  These 
plains  consist  largely  of  sand  or  fine  gravel  and  are  saturated  with 
water  below  a  moderate  depth.  Many  towns  and  cities,  including 
Brooklyn,  obtain  the  whole  or  part  of  their  supplies  from  shallow 
wells  or  springs  that  issue  from  the  sands.  Springs  abound  along 
both  the  north  and  south  shores,  and  are  found  to  a  lesser  extent  in 
the  moraine  in  the  interior.  Water  from  several  of  them  is  placed 
on  the  market. 

PRODUCTION  OF  MINERAI.  WATERS. 

If  it  were  possible  to  estimate  the  amount  and  value  of  the  water 
supply  it  would  certainly  rank  as  one  of  the  most  important  of 
nature's  products.  During  the  past  twenty  years  statistics  have  been 
obtained  to  show  the  amount  and  value  of  mineral  waters  produced 
and  sold  in  the  United  States.  For  the  year  1902,  in  New  York  State, 
6,609,176  gallons  were  sold,  valued  at  $1,299,037.^  The  bottling  and 
shipping  of  water  for  drinking  puiposes  in  large  cities  and  towns  has 
become  a  considerable  industry  in  man}'  favorably  situated  localities. 
It  is  increasing  very  rapidly,  but  no  statistics  of  amount  or  value  are 
available. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Oeol.  Survey,  1904.  p.  996. 
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NEW  JERSEY. 


By  G.  N.  Knapp. 


TOPOGRAPHIC  PROVINCES. 

New  Jersey  has  been  divided  into  four  provinces,  or  zones,  on  th< 
)asis  of  its  physiographic  features.     These  provinces  are  indicated  oi 


Fig.  18.— SubdiviMioiiH  of  New  Jersey  goveniiiif^  the  apiwamnce  of  underKnumd  water. 

he  accompanying  sketch  map  (fig.  18)  and  are  designated  (1;  the  Appa 
achian,  (2)  the  Crystalline  Highlands,  (3)  the  Piedmont,  and  (4)  th< 
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CoasUil  Plaiii.^  The  surface  fontures  of  these  sevenil  proviiicos. 
reason  of  whicfi  they  differ  the  one  from  the  other,  are  in  iarjre  m 
lire  simply  the  outward  manifestations  of  ^ologic^  chai-artcrs,  st 
tuml  and  litliologie,  which  arcinheriMit  in  the  terrane.sof  the  diffei 
provinces  and  which  have  found  topographic  exj)res8ion  thi-oii^h  : 
aerial  and  stream  degradation. 

As  mij^ht  ))e  expected  the  underground  or  deep  waters  of  the  S 
sustain  relations  that  differ  in  the  differcnt  pi-ovinccs  and  that 
more  or  less  clianicteristic  of  tliem.  Rocks  so  different  in  struct 
and  lithologic  chamcter  as  to  give  rise  to  topographic  features  i 
are  as  distinct  and  characteristic  as  are  those  of  the  several  provii 
might  ))e  expected  to  profoundly  affect  the  disposition  of  underg-ro 
water.  This  is,  in  fact,  found  to  he  true,  and  this  suhdivision  of 
State  is  regarded  as  the  one  l)est  adapted  to  a  geneml  discussioi 
the  deep  waters. 

GEOI^OCiY  AND    WATKll  SUPPI.Y. 

ArPALACHlAN    rUOVINCE. 

The  Appalachian  j)rovince,  or  zone,  is  tiie  northern  extonsior 
New  fJersey  of  the  great  Api)alachian  mountain  system.  It  is  es.* 
tially  coincident  with  the  great  Kittatinny  Valley  and  Kittatii 
Mountain. 

The  rocks  consist  of  liniestoiH\  sljitcvs,  conglomenites,  sandstoi 
and  (iiiartzitcs,  strongly  infolded  in  anticlines  and  syncli!K\s  wli 
axes  run  nortlu^ast  and  southwest.  TIk^sc  primary  folds  have  b 
more  or  less  faulted  and  modified  by  dikes  and  other  late  intrusic 
Th(»  wh()h»  series  has  been  profoundly  eroded,  ])lains  of  degradat 
have  been  dcvel()])(Hi,  truncating  the  old  folds,  and  later  ))road,  d 
valleys  have  Ikm'ii  developed  parallel  to  the  main  axes  of  the  folds, 
these  broad  vall(\vs  the  softer  beds,  such  as  liinestonivs  and  shales,  stj 
at  angles  that  range  from  v(*rtieal  to  horizontal  and  dip  in  various  dii 
tions.  The  ridges  or  mountains  that  inclose  th(»se  vall(\vs  consist 
tlu»  hardcM'  rocks,  viz:  ( \)ngl()merates.  (piartzites,  slates,  and  sjindstor 
which  vise  mon^  oi*  less  abru])tly  to  heights  of  i.(MM)  ov  1,5(K)  feet  alx 
the  valleys.  TIk*  IxmIs  thems(»lv(»s  stand  at  various  angles,  coinmo 
a])proaching  v(M*tieality. 

The  various  beds  of  the  Kittatinny  Valley  havt*  in  large  measure  1 
through  metamori)hism  whatever  porosity  they  may  once  have  h 
The  smdstones  have  i)eeome  (juartzit(\s,  moie  or  h»ss  dtMise;  the  c 
glom(M*ates  have  suH'ered  a  like  moditieation,  I'edueing  tht^ir  poro> 
to  a  minimum,  and  the  other  rocks  haviMuidergoiH^  similar  chan^ 
tending  to  increase  their  density.  The  locks  have,  however,  Ix 
fraetuHMJat  various  times,  so  that  joints  occur  more  or  les-^  abundan 

" New  Jrrscy  (itt^l.  Survey  Fiiml  lU'|M»rl,  Vol.  IV,  I'hysiiul  (fro^^rapliy.  l.vj.'). 
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throughout  the  beds,  admitting  water  to  unknown  depths.  In  the 
limestones  sohition  has  developed  cavities  and  more  or  less  definite 
underground  courses. 

The  rocks  then  of  the  Appalachian  province  are  relatively  imper- 
vious and  do  not  carry  a  large  volume  of  water.  The  water  that 
penetrates  deeply  does  so  by  virtue  of  secondary  structures  and  other 
modifications  that  do  not  stand  in  close  relation  to  the  primary  structure. 

Therefore  a  knowledge  of  the  structure,  which  is  regular  enough  to 
be  determined  with  considerable  detiniteness,  is  not  of  so  much  service 
in  locating  successful  wells  as  might  be  expected.  The  water  seems 
capricious  in  its  occurrence.  The  data  available,  however,  show  but 
few  deep  wells  in  this  province — too  few  to  be  made  the  basis  of  final 
conclusions,  so  that  the  great  Kittatinny  Valley  has  yet  to  be  thoroughly 
tested  for  its  available  deep  water  supply. 

CRYSTALLINE   HIGHLANDS   PROVINCE. 

The  Crvstalline  Highlands,  as  the  name  suggests,  consists  more 
largely  of  crystalline  rocks— granites,  schists,  and  gneisses.  The  great 
structural  lines  of  the  province  run  northeast  and  southwest,  like  those 
of  the  Appalachian  zone,  but  this  region  has  been  subject  to  more  pro- 
found matamorphism  and  the  beds  have  been  repeatedly  broken  and 
faulted  at  widely  separate  time  intervals.  Intrusive  rocks  have  been 
injected  as  dikes  and  masses  at  different  times,  secondary  structures 
have  very  generally  destroyed  or  replaced  the  original  ones,  and  along 
with  this  have  gone  replacement  and  interchange  of  the  mineral  con- 
stituents of  the  rocks. 

In  the  Crystalline  Highlands,  therefore,  the  structure  is  too  com- 
plex and  too  indefinite  to  aid  one  in  a  practical  way  in  predicting  the 
result  of  wells,  and  the  terranes  contain  no  well-defined  porous  beds 
that  in  a  true  sense  can  be  called  water  bearing  in  contradistinction  to 
others.  The  rocks,  however,  as  a  whole,  are  more  generally  per- 
meated by  water  than  in  the  Appalachian  zone,  so  that  wells  put  down 
indiscriminately  give  a  larger  percentage  of  satisfactory  wells  in  the 
former  than  in  the  latter  region.  We  know  from  the  numerous  iron 
mines  scattered  through  the  Highland  region  that  the  permeation  of 
these  old  crystallines  ])y  water,  while  very  genenil,  is  by  no  means 
uniform;  for  some  mines  encounter  large  volumes  of  water,  greatly 
to  their  detriment,  whereas  others  are  comparatively  dry.  The  rela- 
tion, if  any,  that  exists  between  the  local  rock  structure  or  the  depth 
of  the  mine  and  the  volume  of  water  encountered  is  not  apparent. 

In  the  Highland  province  there  are  some  areas  that  form  notable 
exceptions  to  the*  structure  above  outlined;  such,  for  instance,  as  the 
Oreen  Pond  mountixin  b(^lt,  where  the  rocks  and  structure  are  analo- 
gous to  the  infolding  of  the  Appalachian  zone.  In  theses  exceptional 
areas  the  deep  waters  behave  much  as  they  do  in  the  Kittatinny  region. 
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The  numerous  streams,  as  yet  not  polluted,  afford  an  abundance  of 
excellent  water.  This,  together  with  the  cost  of  drilling  in  sash  hard 
rock,  i.  e.,  $6  to  SIO  a  foot,  has  heretofore  limited  the  number  of  deep 
welki. 

This  province,  however,  is  being  invaded  by  suburban  homes  and 
country  residences,  and  we  may  expect  that  in  the  near  future  more 
deep  wells  will  be  bored. 

PIEDMONT  PBOVINGE. 

The  Piedmont  province  is  essentially  the  area  of  the  Newark  system. 
The  Newark  consists  of  three  aeries  of  beds  which,  from  base  upward, 
are  the  Stockton,  the  Lockatong,  and  the  Brunswick.  The  Stockton 
consists  of  light-colored  sandstones  and  conglomerates,  more  or  less 
arkose,  interbedded  with  a  few  red  shales.  It  is  the  most  permeable 
series  of  the  Newark  system.  The  Lockatong  consists  chiefly  of  flag- 
stones and  argillites,  and  is  relatively  impervious.  Tlie  Brunswick 
series  consists  chiefly  of  shales,  but  includes  also  many  beds  of  sand- 
stone.   It  is  less  permeable  than  the  Stockton. 

The  Newark  system  is  traversed  by  a  number  of  irregular  ikults 
whose  throw  is  nearly  sufficient  to  repeat  the  entire  system  at  each 
successive  fault.  The  prevailing  dip  of  the  beds  is  west  and  north- 
west, but  more  or  less  local  warping  and  tilting  that  aocompanM  the 
faulting  gave  the  beds  many  local  variations  in  dip  and  strike.  The 
structure  of  the  Newark  is  further  complicated  by  an  irr^ular  ^stem 
of  volcanic  intrusive  sheets  and  trap  dikes  that  cut  across  the  bedding 
at  various  angles. 

The  faulting  of  the  Newark  in  a  way  to  repeat  the  succession  is  a 
slight  advantage  in  some  situations,  since  it  makes  the  Stockton  beds 
more  readily  available  for  artesian  water  at  some  localities  than  they 
otherwise  would  be,  but  in  other  situations  the  faults  cut  off  the  sup- 
ply entirely,  so  that  the  advantage  in  one  locality  is  in  large  measure 
offset  by  the  disadvantage  in  the  other.  One  familiar  with  the  com- 
plex structure  of  the  Newark  can  forecast  the  chances  of  obtaining 
artesian  water  at  given  points  in  the  Piedmont  province;  but  it  would 
be  difficult  for  one  unfamiliar  with  the  structure  to  make  such 
forecasts. 

The  Newark  system  is  thoroughly  cut  up  by  two  or  more  systems 
of  deeply  pi^nctrating  joints,  whose  planes  are  nearly  vertical  and 
intersect  one  another  at  various  ani^les.  It  is  thought  that  the  copious 
wells  in  the  Newark  dniw  their  supply  from  these  joints  and  fissures 
more  largely  than  from  the  water  that  pcMietnitc^s  along  the  true  bed- 
ding planes.  Nearly  one  half  of  the  northern  end  of  the  Piedmont 
province  is,  however,  mantled  !»y  glacial  drift  which  conceals  many 
of  the  minor    details    of    the   Newark    structure.     This  not  infre- 
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leiitly  entirely  precludes  the  possibility  of  calculating  closely  the 
lances  of  artesian  water  at  certain  points. 

Of  the  three  provinces  thus  far  considered,  the  Piedmont  carries 
istly  more  deep  water  than  either  of  the  others.  Moreover,  the 
ater  is  found  in  rocks  that  are  drilled  with  comparative  ease,  and 
le  chances  of  obtaining  it  can  be  foretold  with  much  deliniteness. 
iirthermore,  the  Piedmont  is,  by  virtue  of  its  geographic  position, 
iC  most  important  of  the  three,  since  it  includes  what  is  and  what 
ways  will  be  the  most  densely  populated  part  of  the  State,  in  which 
le  water  supply  will  always  be  a  paramount  question. 

COASTAL  PLAIN  PROVINCE. 

The  C!oastal  Plain  differs  from  the  three  northern  provinces  in  nearly 
cry  essential  feature.  First,  it  includes  an  area  greater  than  the 
>mbined  area  of  the  other  three  provinces;  second,  as  compared  with 
le  other  provinces  it  is  flat,  there  being  no  mountains  and  the  maxi- 
um  relief  being  less  than  400  feet;  third,  its  structure  is  of  the  sim- 
est  sort,  for  it  consists  of  a  succession  of  beds  lying  one  upon  the 
her  in  a  simple  monocline  that  dips  seaward,  the  uppermost  or  young- 
t  l>ed  lying  farthest  southeast,  and  each  successively  older  and  lower 
hI  reaching  a  little  farther  northwest;  fourth,  there  have  been  no 
ults  or  folds  of  sufficient  magnitude  to  appreciably  affect  the  general 
ructure;  fifth,  the  beds  are  unconsolidated  sands,  clays,  marls,  and 
•ttvels,  and  lie  in  essentially  the  same  position  in  which  they  were 
»posited;  sixth,  the  terrancs  have  not  suffered  any  metamorphism 
lat  has  appreciably  affected  their  permeability  to  water. 
The  Coastal  Plain  province  falls  into  two  great  geologic  divisions 
•  subprovinces,  viz,  the  Cretaceous  and  the  Tertiary.  The  Cretaceous 
rupies  a  relatively  narrow  belt  that  extends  across  the  State,  while 
le  Tertiary  covers  the  remainder  of  the  province. 
The  Cretaceous  has  three  major  divisions,  which,  reckoned  from 
i.se  upward,  are  the  Raritan,  the  Clay  Marl  series,  and  the  Marl 
ries.  The  Clay  Marl  series  corresponds  approximately  but  not 
cactly  to  the  ^'  Matawan"'  of  the  later  nomenclature,  while  the  Marl 
ries  includes  approximately  but  not  exactly  the  Monmouth,  Ran- 
)cas,  and  Manas(|uan  of  later  nomenclature. 

The  Raritan,  though  carrying  important  water  beds  at  different 
ratigraphic  horizons,  does  not  admit  of  subdivision.  The  Clay  Marl 
ri(»s,  on  the  other  hand,  is  readily  subdivided  into  five  beds,  the 
wer  two  of  which  arc  impervious  marl  and  clay  and  serve  as  a  cover 
the  Raritan  water-bearing  sands.  The  stratum  next  above  is  a  sand 
k1,  which  is  100  feet  thick  to  the  northeast,  where  it  is  an  important 
ater  horizon;  toward  the  southwest  it  pinches  out  entirely  and  disap- 
»ars  along  the  strike.     Above  this  is  an  impervious  marl  vv.wd  ^W^ . 
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Next  comes  a  sand  bed  100  feet  thick  to  the  southwest,  where  it  is  in 
important  water  horizon.  To  the  northeast  it  becomes  less  important, 
partly  by  reason  of  its  decrease  in  thickness  in  that  direction  and 
partly  by  a  decrease  in  permeability. 

The  Marl  series,  like  the  Clay  Marl  series,  is  readily  subdivided 
mto  five  beds,  the  lower  of  which  corresponds  to  the  Lower  Marl, 
ai^roximately  the  ^^  Navesink.''  Above  this  is  the  Bed  sand  (Bed- 
bank).  Toward  the  northeast  it  is  a  sand  bed  100  feet  thick,  but 
toward  the  southwest  it  pinches  out  and  disappears  along  the  strike. 
Next  above  is  the  lower  portion  of  the  old  Middle  Marl  bed — the  marl 
proper.  It  constitutes  a  part  but  not  all  of  the  SewelL  Still  higher  is 
the  Lime  and  ^^  Yellow'^  sand;  the  upper  part  of  the  old  Middle  Marl 
bed,  including  the  ^^Vincenttown'^  and  more.  This  is  an  important 
water  horizon  all  across  the  State.  The  top  bed  is  the  Upper  Mari,  t 
part  of  which  is  Eocene.     It  is  the  impervious  cover  to  the  preceding. 

The  second  subprovince  of  the  Coastal  Plain,  the  Tertiary,  is  divided 
into  two  formations,  the  Kirkwood  (Miocene),  and  the  Gohansej 
(Pliocene  t).  The  lower  bed  is  the  Kirkwood.  It  carries  water- 
bearing sands  at  several  different  stratigraphic  horizons.  It  is  ao 
important  source  of  water  at  Atlantic  City  and  at  points  farther  south 
along  the  beach.  Next  higher  is  the  Cohansey  formation.  It  carrieti 
water  at  several  different  stratigraphic  horizons  and  rivals  the  SoriiL- 
wood  as  a  source  of  artesian  water  along  the  beach. 

The  structure  of  the  Coastal  Plain  is  extremely  simple.  The  outcrop 
of  the  beds  is  known  in  great  detail.  Their  dip  is  known,  or  is  readily 
determinable,  and  the  altitudes  of  the  various  }>eds  can  })c  closely 
estimated  at  all  points.  Still  the  prcdictinj^  of  artesian  water  at  any 
given  point  is  not  a  simple  mathematical  proi)osition.  Two  chief  diffi- 
culties are  experienced  in  predicting  the  results  of  wells:  First,  the 
thickening  of  the  l>eds  down  the  dip,  seawai'd,  has  not  l>een  worked 
out  in  detail  for  individual  lx»ds;  second,  the  permeability  of  the  bed? 
is  a  variable  factor,  whose  exact  value  is  yc^t  to  be  deteniiined. 

In  the  following  table  the  result^  of  borings  at  a  largo  number  of 
localities  on  the  Coastal  Plain  arc  presented: 

Summary  of  well  statistics  in  the  more  important  < if  the  CooMal  Plain  localities. 
[Compiled  fn)m  tablosof  N.  II.  Darttm.**] 


Locality. 


Asbury  Park.. 
Atlantic  City. 


Atlantic  HlRhlands ... 

Bamegat  Landing 

Bayhead 


Rangi' of  depth. 


From— I    To— 


Fed. 
383 

118 

108 


Feet. 
1,330 
1,398 

480 
120 
710 


Range  of  capjioity 
per  minute. 

From— 

To- 

Oallofift. 

(inthm*. 

20 

m 

0 

40U 

80 

•JTiO 

(kMiUigii:  horizons  of  water. 


I^owennurl,  Mntawan.  Raritan. 
"DiHtom     bo<l,"   Cretaceous,    Chesa- 


IK'ake. 
Matawan.  Karitan. 

Lower  marl. 
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'larif  of  well  sUUistlcs  in  the  more  imjMrtaiit  ofOw  Constal  Plain  localHiea — Cont'd. 


<K*alIty. 


f  ArniH . 
own 


ne  . 
ton . 


lyCity  .. 
ly  Fi)int . 


(6  wells), 
wood 


18  .. 
md . 


town 
hip.. 


'dRe  Island, 
ich 


ivillo 
1  .... 


Coiliirs  . 

•)wn 

1 

irR 


)mo. 
<>d.. 
rt... 


n 

►king  . 

hade  . 


RanKCofdepth.     ««1JS'mi'2r:"*" 


From—'    To—      From— 


Fed. 


I. 


112 


15f> 


17-  i 


210 
•■01   ' 


102 


.nding HO 

itankin  Creek . 


126 


Feci. 
190 
575 

470 
195 
90 
798 
253 
152 
224 
360 

105 
19('> 

356 

520 

210 
131 
397 
322 

511 
•270 

32») 

690 

375 

122 

1«7 

500 

500 

601 

4M1  ' 

242  I 

.'05 

475 

S03  ' 

110 

922 


(ialUms. 
0 
10 


To— 


Geolof^c  horizons  of  water. 


(iaUont. 


60 
Many. 


0 
100 


100 

25;  plenty. 

150 

75 

Fair  sup- 
ply. 

Eaeh,  150 

Fair  sup- 
ply. 

10;  falrMiifH 
ply. 

Satisfae- 
tory. 


Many. 


250:unHat- 
Ih facto- 
ry. 

100 
650 


100 

0 

Plenty. 

0 

100 

12 

0 

70 

52 
12 


375 


KM)  . 
176 


ir)8 


0  '  20:  fair  to 
plenty. 


Unknown. 

Bed  C,  Atlantic  City;  bed  E,  Atlantic 
City. 

960  feet  at  Atlantic  City(?). 

Karitan,  basal  Raritan. 

Post-Chesapeake. 

800  feet  at  Atlantic  City. 

Raritan. 

Basal  Raritan. 

Ui»per  Chesapeake.    Unknown. 

Upper  Chesapeake. 

I'ost-Che«apeake(?) . 
Raritan. 

Raritan.  Iiasal  Matawan. 


Mat4iwan. 

Do. 
('hesapeake. 
Lower  marl,  Matawan. 

P(wt-Chcxa|)eakc,  Matawan. 

Ba.sal  liaritan,  basal  Matawan,  Rari- 
tan. 

Lower  marl. 

Middle  marl. 
.Matawan. 

Matawan,  lUiritan.  basal  Raritan 
Raritan. 

Do. 

Do. 
I»wer  marl. 

Do. 

B»Mi  (}.  Atlantic  City. 

.Middle  marl. 

Be<l  ('.  Atlantic  City,  lower  marl,  Mat- 
awan. 

Ba.«<al  Raritan. 

Kedbank.  lower  marl(?),  Matawan. 


428  feet,  Atlantic;  ('ity(?).  bed  C.  Atlan 
tic  CityC.'). 


I'nsHt  is- 
factory. 

I  Plenty: 
I      satis- 
factory; 
1      200. 


Redbank,  lower  marl. 
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Locality. 


Millville. 


Monmouth  Beach . 
Monmouth  Park  . . 

MooreotOMm 

Mount  Ephraim . . . 


Mount  Holly.. 
MullicaHill... 
Ocean  Beach  . . 
Ocean  City  .... 
Ocean  Grove  . . 

Pavonia 

Perth  Am  boy.. 
Pleasant  Mills. 


Port  Monmouth . . . . 

Point  Pleanant 

PortNorris 1 

Port  Republic 

Quinton 

KancocaH 

Kedlmnk 

Riverside  (8  wells)  . 

Riiiiigi'n  Neck 

Kiinyon  Station 

Hayreville 

Sea  (lirt 

Seabright 

Sea  Inlaiid  City 

Seven  Islands 


Sewell 

Shrewsbury 

South  AinlM»y 

South  Boat'h  Havtii . 

SpriiiK  Lako 

StcM'kton 

StraiKlil  <'rcM'k 

Tn-uloii 

ViiU'laud 

Warc'towu 

Wrnoiiah 

Wt'ymouth 


Wildw.HKl . 


\Viii>l()W 

Woodbury.. 
W.M.dstowii. 


Range  of  depth. 


From—    T<] 


Feet. 
150 


480 
760 
420 
112 
130 
158 


I'l.') 
li:i 


Feet. 
160 

3«0 
386 
150 
130 

675 
102 
485 
800 
1,131 
174 
470 
201 

+  100 
806 
200 
151 
275 
124 
230 
200 
21U 
KK) 
970 


:3-> 


Range  of  capacity 
per  minute. 


From—         To— 


Gallons. 


(IcJUma. 

Satisfac- 
tory. 


75 


Satisfac- 
tory. 


50 
140 

40 
275 


500:  unsat- 
isfac- 
tory. 

Few. 

45 

1 


165 
Each;  10 


Many. 
r>0 
■JIU 
:>o 

70 


•rn) 

2') 

200 

0  1 

i(»r> 

4'.') 

10' 

4r»') 

Manv. 

i:io 

^7.'> 

100 

Mauv. 

uw 

Mauy;2(H) 

•>or» 

■ju 

'JSO 

I'll 

S11 

UX) 

"-.,' 

70 

y:n 

1               H» 

;}00:unsat 
iviart«'ry. 

M'. 

It;;; 

'20 

•10 

77ti 

■M.0 

Geologic  horizons  of  water. 


Matawan. 

Do. 
Ba.sal  Matawan. 
Basal  Matawan (?). 

Raritan. 

Red  bank. 

Lower  marl. 

Chesai>eake  diatom  bed. 

Lower  marl,  Matawan. 

Raritan,  basal  Rarittin.crj'stallinenM 

Bnsal  Raritan,  70-470  feet  in  gneiss. 

658  feet  at  Ocean  City(?),  Cbcaapeiili 

Matawan. 
Do. 

428  feet,  Atlantic  City(?). 

RedlMink. 

Basal  Matawan. 

Lower  marl,  Mattiwan. 

Raritan  I?). 

Matawan. 

Basal  Raritan,  S0,97r>  feot  in  ikjiici>s. 

Matawan. 

LowiTUiarl,  Matawan. 

Above  diatom  lu'd. 

Bed  K,  Atlantic  City;  ImmI  C,  Atlaii 
Cityi?). 

Basal  Matawan. 

Lower  uuirl. 

Basal  Raritan. 

Red  ('.  Atlantic  City. 

Lower  marl. 

Bjusal  Raritan,  Raritan. 

IV)sl-ChesjiiKake(?).     Basal  RariliU 

To^^t-CheNipeake. 

TmmI  K,  AtliintirCily. 

Rii>al  Matawan.  Matawan. 

]Uh\    C.    Atlantie    Citv(?):   G.V)  fe.-t 

Atlaiitie     City(?);    bed    C     Athit; 

City  ■.'). 

Cjiper  (  be^^aneaki'.  '240  feet  below  ^r 
«liat<«m  bed;  in  ^'reat  diatom  bed. 

Cliesai..'ake.OC.Ofeeial  AtlantieCity 

.Matawan,  ba^al  Matawan. 

Haval  Matawan,  Re<lbMnk.  Raritan. 
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SUMMARY  OF  WATER  RESOURCES. 


The  accompanying  tabic  brings  into  prominence  many  important 
relations  and  suggests  many  more. 

DiMrilnUimi  of  u^lU  by  prorinceft. 


Area  in  scjuare  miles 

A  pproxiniaU*  population 

Average  number  of  people  per  square 
mile 

Maximum  (U  n»ty  of  population  ]>er 
w|uare  mile  per  township 

Minimum  density  of  population  |>er 
8<iuare  mile  per  township 

Reconls  of  wells 

Average  number  of  sc^uare  miles  to 
eat'h  well 


icnlan 


lacnlan. 


547.0 
24,201.0 

44.2 

1,590.0 

23.0 
23.0 

24.0 


Crjrstalline 
HighlandR. 


945.0 
76,029.0 

80.4 

8,475.0 

26.0 
31.0 

30.0 


Piedmont. 


i,4aj.o 

1,222,586.0 

836.3 

22,560.0 

37.0 
547.0 

26.0 


<'ORHtal 

Plain. 


5,099.0 
4a5, 072.0 

97.7 

14,492.0 

6.0 
998.0 

5.0 


It  will  be  noticed  that  of  the  1,()0()  wells  catalogued,  nearly  1,000  are 
in  the  Oojistal  Plain  province.  These  range  in  depth  from  50  to  2,300 
feet  jind  probably  1>0  per  cent  of  them  are  of  the  tiiie  artesian  tyjxi — 
that  is,  they  dniw  their  water  from  l)eds  whose  catchment  area  is 
remote,  and  the  water  in  the  wells  rises  nearly  or  quite  to  the  sur- 
face, and  frequently  above  the  surface.  Of  the  550  wells  in  the  Pied- 
mont Phiin  very  few  are  of  the  true  artesian  type.  They  mnge  in 
depth  from  50  to  2,300  feet.  Many  of  them  yield  large  volumes  of 
watx»r  and  a  few  of  tlu^m  flow,  })ut,  as  before  suggested,  they  probably 
draw  their  supplies  largely  from  the  joints  and  the  secondary  struc- 
tures of  the  rocks.  Of  the  50  or  (JO  wells  in  the  two  northern  prov- 
inces, onl}^  a  few  are  truly  ark\sian.  The}'  are  practically  all  simply 
d(M»p  reservoir-like  holes  into  which  water  percolates  from  innumer- 
ui)le  joints  and  fissures  at  all  horizons.  While  the  gathering  ground 
of  such  waters  may  be  remote  from  the  wells,  the}'  belong  in  a  ditfer- 
out  class  from  those  of  the  Coastal  Plain.  It  will  be  remembered  that 
the  wells  liere  catiilogued  are  the  ones  of  which  records  have  been 
obtained,  and  not  the  actual  total  number  of  wells  in  these  provinces. 
There  are  undoubtedly  many  wells  of  which  no  records  have  been 
procured. 

Tlie  Appalachian  and  Crystalline  provinces  are  relatively  sparsely 
setth'd.  In  them  springs  abound,  and  mountain  streams,  proverbially 
wholesome  and  as  yet  unpollutcMJ,  are  numerous  and  well  distributed, 
so  that  the  demand  for  de(»p  wells  is  not  pressing. 
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The  Piedmont  area  includes  two  fairly  distinct  subprovinces.  The 
first,  including  the  northeast  part  of  the  area,  in  the  vicinity  of  Essex 
and  Hudson  counties,  is  occupied  by  numerous  cities,  large  and  small, 
many  of  which  are  manufacturing  centers,  while  the  second,  in  the 
southwest  portion,  in  the  vicinity  of  Somerset  County,  is  dominan th- 
an agricultural  region.  The  first  of  these  subprovinces  includes  about 
one-fifth  of  the  area  of  the  Piedmont  province  and  contains  a)x)ut 
nine-tenths  of  its  population,  the  remaining  one-tenth  of  the  popula- 
tion being  scattered  over  the  southwestern  four-fifths  of  the  province. 
Of  the  550  wells  in  the  Piedmont  province  more  than  500  occur  in  the 
densely  populated  region  in  its  northeastern  jwrtion  and  the  water,  for 
the  most  part,  is  used  for  manufacturing  purposes. 

In  the  Coastal  Plain  province  the  densely  populated  districts  are 
distributed  around  its  periphery,  the  interior  being  more  sparsely 
settled.  The  distribution  of  the  artesian  wells  stands  in  fairly  definite 
relation  to  the  density  of  population.  Along  the  seashore  are  many 
thriving  towns  and  cities  whose  function  is  almost  wholly  that  of  min- 
istering to  the  service  of  those  in  quest  of  health,  recreation,  and 
pleasure.  These  communities,  while  not  absolutely  dependent  on 
artesian  wells  for  their  water,  find  them  the  most  satisfactory  available 
source  of  supply,  and  hence  a  large  percentage  of  the  wells  are  found 
along  the  coast. 

The  north  and  northwest  border  of  this  province,  which  is  approxi- 
mately the  outcrop  of  the  Crotiicoous  teiranes,  finds  its  interests 
divided  between  agriculture  and  manufacture.  Artesian  wells  are 
abundant  in  this  region  but  are  not  so  deep  as  those  along  the  coast, 
and  are  accordingly  less  expensive.  They  serve  both  the  manufactur- 
ing and  the  agricultural  interests.  In  fact,  the  distribution  of  the 
artesian  wells  is  determined,  first,  bv  the  availability  of  the  water; 
second,  by  the  density  of  the  population,  and  thiid,  by  the  character 
of  the  population. 

MINERAL    SPRIN(;S. 

Sixteen  mineral  springs  in  New  Jersey  reported  sales  of  water  in 
1002,  and  many  more  are  the  site  of  plejisure  resorts  of  more  or  less 
importance.  Thc^  aggregate*  production  for  th(^  y(»ar  is  given  as  3f>0,0(X) 
gallons,  with  a  value  of  S4  l,87r).     The  springs  reporting  are  as  follows:" 

Alpha  Sprint;,  Sprin^tield,  Union  (^ounty. 

I>{»ii(M)n  ^Mountain  Si)rin^,  Denville,  Morris  County. 

l>(MM'li  Spring,  near  Woodbury,  (iloucestcr  County. 

Fowlcr'.w  Dvv\)  Kock  Artcnian  Well,  Alhvood,  Passaic  County. 

llatawanna  Spring,  Bu<l<llakc,  Morris  County. 

Holly  Sprin«rs,  Swcdcshoro,  ( iloucostcr  County. 
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Indian  Kaliuni  Spring,  Gloucester.  Camden  County. 
Indian  Spring,  near  Rookaway,  Morris  County. 
Kaliuni  Springs,  Collingswocxl,  Camden  County. 
Oakland  Vernam  Spring,  near  Oakland,  Bergen  County. 
Pine  Lawn  Sjiring,  Ilohokus,  Bergen  County. 
Trinity  Springs,  Kidgefield,  Bergen  County. 
Turtle  Hill  Spring,  Pa^fsaie,  Pas^Jaic  County. 
Washington  Mountain  Spring,  Pennington,  Mercer  County. 
Washington  Rock  Spring,  Warrenville,  Somerset  County. 
Watchung  Spring,  Piainfieid,  Union  County. 

PRINCIPAL  PUBLICATIONS. 

[Artesian  wells  of  New  Jersey],  hy  I^ewis  Woolman  and  others.  A  large  number  of 
references  and  reiK)rts  on  the  artesian  wells  of  New  Jersey  are  (?ontaine<l  in  the 
New  Jersey  (Geological  Survey  Reports,  Ivginning  with  the  year  1857  and  extend- 
ing down  to  the  present  time.     (See  indexes  of  individual  reports.) 

Mineral  s|»ring8  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
:52,  pp.  42-43. 

Artesian  well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 
U.  S.  (ieol.  Survey  No.  138,  1896,  pp.  39-115. 

IVeliniinary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton.  Water- 
Supply  and  Irrig.  Pa|)er  U.  S   (ieol.  Survey  No.  61,  1902,  pp.  12-14. 

Water  resources  of  the  highlands  oi  New  Jersey,  hy  I^urence  La  Forge:  Water-Sup- 
ply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No   110,  1905,  pp.  141-155. 


PENNSYLVANIA, 


By  M.  L.  Fuller. 


TOPOOKAPHY. 

There  are  three  distinct  topographic  belts  in  Pennsylvania:  (1)  A 
southeastern  belt,  whose  northern  boundary  starts  about  10  miles  south- 
east of  Easton  and  passes  southwestward,  just  south  of  Reading  and 
Harrisburg,  to  a  point  a  few  miles  west  of  Gettysburg;  (2)  a  central 
belt,  lying  north  and  west  of  the  first,  whose  northern  boundary 
reaches  from  the  northeastern  part  of  the  State  westward  and  south- 
westward,  past  Williamsport,  Lock  Haven,  and  Altoona,  to  the  south- 
eastern portion  of  Somei-set  County;  and  (3)  a  northwestern  belt  which 
embraces  the  entire  northern  and  western  portions  of  the  State.  (Seo 
fig.  14.) 

The  eastern  belt,  known  as  the  Piedmont  Plateau,  is  in  general  of 
low  elevation,  and  consists  of  a  broadly  rolling  surface  with  few  hi<rh 
hills.  The  central  belt,  constitutint^  the  Appalachian  Mountains  and 
Valley,  consists  of  a  large  number  of  loner,  stniitjcht,  or  gently  curvin»j: 
ridges,  alternating  with  deep  valleys,  the  widest  of  which  is  the  Cum- 
berland or  Shenandoah.  Many  of  those  ridges  rise  to  altitudes  ranging,' 
b(»tween  1,500  and  2,500  feet.  The  third  bolt,  known  as  the  Alleghonv 
Plateau,  is  a  broad  surface,  cut  throughout  its  oxtont  by  streams  which 
now  flow  in  deep  and  frequently  canyon-liko  valleys.  A  few  ridges 
rise  above  the  connnon  level  of  this  upland,  but  the  plateau  has  a 
general  south  westward  slope,  and  varies  in  altitude  from  about  2,000 
feet  in  the  northern  portion  of  the  State  to  approximately  1,200  feet 
in  the  southwestern  portion. 

GKOlAHiY. 

The  geologic  divisions  correspond  in  g(Mieral  with  those  of  topocr- 
raphy;  in  fact,  the  geology  has  governed  the  character  of  the  topot,'- 
raphy  throughout  the  State.  The  southcMistern  topographic  belt,  or 
Piedmont  Plateau,  is  underlain  largely  by  crystalline  rocks  which  have 
been  very  evenly  eroded  and  consecjuently  present  few  conspicuous 
top<^^)grai)hic  features.  Along  the  northern  border  of  this  belt  is  a 
104 
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Imnd  of  soft  Triassic  shales  and  sandstones  of  a  topography  similar  to 
that  of  the  adjoining  crystalline  area.  The  continuity  of  the  belt  is, 
however,  broken  by  a  series  of  folded  Cambrian  and  Silurian  quartzites 
and  limestones  that  extend  from  near  Trenton  westward  across  the 
Susquehanna  to  the  southeast  corner  of  Adams  County.  The  cities  of 
York  and  Lancaster  are  located  in  this  belt,  while  Phoenixville,  Norris- 
town,  and  Trenton  lie  just  outside  its  borders. 

The  rocks  of  the  middle  topographic  belt,  which  is  characterized  by 
prominent  ridges,  consist  mainly  of  strongly  folded  beds  of  Cambrian, 
Silurian,  and  Devonian  age,  but  the  folded  rocks  of  the  anthracite  coal 
basin  and  of  the  Broadtop  coal  basin  in  the  south-central  portion  of  the 
State  are  of  Carboniferous  age. 

The  rocks  of  the  remaining  or  plateau  portion  of  the  State  are  De- 
vonian and  Carl>oniferous,  the  former  constituting  the  surface  in  the 
northern  and  northeastern  portion  of  the  State  and  the  latter  in  its 
western  part.     The  rocks  of  this  belt  are  chaiucterized  in  general  by 


Tr=Tria5Sic  C=Carboniferout 

CSD'Cambrian,  Silurian,and  Devonian 


DiB  Devonian 
Cr-Cryttallin« 
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very  moderate  folding,  although  the  rocks  of  Laurel  Hill  and  other 
ridges  in  the  southwestern  portion  of  the  State  show  high  dips.  The 
folds  generally  decrease  uniformly  in  magnitude  as  their  distance  from 
the  Appalachian  Front  incroasos,  until  in  the  northwestern  part  of  the 
State  only  slight  and  irregular  undulations  can  be  detected.  It  is  along 
the  crest  of  the  antitlines  that  the  lower  Devonian  rocks  are  brought 
to  the  surface  in  the  northern  part  of  the  State. 

SOriK  ES  OF  \VAT?:K  SUPPIiY. 

STREAMS   AND   LAKES. 

By  far  the  larger  nunibor  of  the  streams  of  Pennsylvania  rise  either 
in  the  mountainous  regions  of  the  Appalachian  belt   or  in  the  high- 
lands of  the  Alli^glieny  Plateau.      In  general  they  have  their  sources 
in  rugged  forest-covered  areas  remote  from  habitations,  and  for  con 
siderable   distances   flow  with  their   original   purity  tUvviw^^Vx  vV\\\\V^ 


IW     rxDEBf^KorxD  Waters,  eastxbx  tkited  state?.     >■  i: 

populated  dirt rict;^.  Ev^n  within  a  f»rw  mile^  of  some  of  the  iarj 
f itie^  -Tipplie-  from  unpollat^  '4neaiii>  mmj  be  procured.  The  watei 
of  the  larger  •4reamr.  however,  are  ^Derally  polluted  and  impale  f( 
€lom»-:*tii:  U'^  except  where  they  are  subjected  to  M>aie  process  i 
puri6«:ation.  There  are  no  lar^  natural  iake^  within  the  Stmte.  bnt 
f*»w  >mall  pon<l^  are  found  in  depre«^ion-  in  the  drift  on  some  of  tl 
flat  mountain  toft*  and  el^wherv  in  it>  northern  portion.  The 
fjond<>  are  <<eldom  of  any  value  as  a  <<Mirce  of  water  supply. 

WELLS. 

TZ-  //r/r>.  — The  triaiial  ilrift  in  Pennsylvania  i>  confined  to  tl 
northern  half  of  th*^  State.  Tlie  glacial  lioundary  enters  from  theea 
at  a  point  not  far  from  E&>ton  and  pa^^^rs  northwestward  to  the  Ne 
York  line  n<it  far  from  Bradford.  Here  it  leavt-s  the  State  for  a  fe 
mile?*,  but  s^xin  turn**  -ouih  again.  re**nters  the  State  and  pass^es  soutl 
we>tward  to  :i  pr^int  a  few  mile<  n^rth  of  Ohio  River  at  the  westei 
liorder  of  the  Stale. 

In  the  area  >^>utb  of  tbi*^  linf  the  \m>^  materials  at  the  sorfac 
exeepi  in  th«-  rivrr  and  >tream  valleys.  o:»n>ist  of  fragment^:  of  ra 
wbii'h  bav<'  lieen  brr.»ken  up  to  form  a  >toiiy  roil  under  the  action  < 
the  weatlier.  Nortli  of  the  glacial  VMiundary  thi>  residual  soil  has  ha 
n'workf^l  by  glacial  action  and  niixi^I  with  foreign  material  brougl 
*io\\ii  fn»ni  thn  THirth.  th»-  wIimI**  »H-iii;r  |».ft  a^  n  het*'r<»gone<ius  >toi 
ni:intl«-,  known  a-,  till,  r.iverinir  tin-  --iirfaie.  In  :i>iditii»n  to  the  t: 
inaFiy  •i»'|H»-it-  *4  ^'niv.-l  or  -a!!*!  w.  iv  hti«l  -lown  in  the  valley<  i 
-t:*»:i!];-  tl"\\i.Mr  fr*»in  th*-  irla«;i»r. 

Til*-  till  i;-r.ally  iMtntain--  a  •••»n'-ii»'r:i^K*  iH-pt-ntagfr*  of  «l:iy  and  is  n^ 
ii-naily  a  -ati-fa«tMr\  -..:;nf  itf  \vat»r.  N«v»Tth»*li^'-'-  it  furni^ho>  smn 
^np|»li»*-  I'tui-lUat  many  jMijnt'*  thr«»iiL'l.««iit  tlu*  northern  |x»rtion  < 
in*'  >T;it«-.  I'll**  \\at»M  follow**  nitlj»-i-  'li-rinit**  «ours«'s  thnnigh  tl 
mat*  rial  aiil  it^  iNMurniht*  tan  in»t  always  1n»  pivdirttxl.  Its  amoiii 
I-  alnio-i  ;il\\:iy-  -iiiall.  l»ut  it  i^  of  vt-rv  fair  <|uality.  Springs  ai 
roMiinon.  Kut  ai»-  ii-ually  --niall  an!  of  litllr  t'ron*»niic  value. 

>//../,„  /Ay/o>/'>.  Ill  tlif  ^in^ain  -leix'^it^,  which  <on'-ist  largely  < 
;ria\»l  ai!«l  -an«l.  *^v*'a{  «|iiaiilitii-  of  watrr  arc  ^toreil,  csptvially  in  tl 
laiy*  r  riv«i-  viill.y-.  TIh-  *,ri-,.at  a^^orptiv»•  |>«»wt'r  of  these  materia 
i-  -trikiriL'ly  -Ijown  i»y  tlhir  i-api.l  a^-orption  v»f  the  mountain  streaii 
>slii(li  «nM'!'Lf-  upon  tlnin.  \\'tll<  tlriv^n  Imi  a  few  feet  into  sin 
<l*-jw»-it>*  oft»'n  tin<l  alnui'iant  -u|>i>lii-^.  Their  wattM*- arc  almost  alwa; 
of  ♦•xr-i'll.-nt  •jiiaiiry  if  iak«'n  at  --iitiirient  «lf|>th  to  !m^  out  of  the  zonc< 
pollution  from  Tin-  -urfa««*. 

{ '/-,/.././//,',,,  //»/•>.  Thr  cry^talliin*  rock>-  eon^i'-t  of  i5nci«es  and siiii 
lar  ^Tanitir  itM-k-.  In  ;r«'n«ral  tlit-y  rairy  l»ul  litth*  water,  for  the 
I>oio-ity  i-  -mall  an«l  they  are  not  rhaia(t»'rize»l  hy  ht^ldin*^  planes  tbi 
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-offer  easy  passages  for  water.     These  rocks  are,  however,  cut  by 

-more  or  less  vertical  joints  which  admit  considerable  quantities  of 

-water  under  favorable  conditions.     Wells  drilled  in  the  crystalline 

-rocks,  especially  in  Philadelphia  and  vicinity,  have  frequently  obtained 

moderate  to  good  supplies  at  depths  of  from  100  to  300  feet.     As  a  rule, 

wells  that  fail  to  obtain  a  supply  within  300  feet  of  the  surface  will  not 

afford  much  water  at  greater  depths.     Springs  are  relatively  few  in 

number  and  small  in  size,  and  are  seldom  used  except  in  the  vicinity  of 

the  large  cities,  where  they  furnish  considerable  quantities  of  water 

for  table  use. 

Triiijmc  roch,— The  Triassic  rocks,  the  extent  of  which  has  already 
been  indicated,  consist  of  shales  and  soft  sandstones,  frequently  stained 
red  by  iron  oxide.  The  sandier  beds  contain  a  large  quantity  of  water, 
a  cubic  foot  sometimes  holding  a  quart  or  more.  Many  wells  have 
been  drilled  into  these  rocks  in  the  towns  scattered  along  their  outcrop 
and  considerable  supplies  have  been  obtained  in  some  places.  The 
waters,  however,  are  liable  to  be  strongly  mineralized  and  in  some 
cases  it  is  impossible  to  use  them  in  boilers.  Springs  occur  in  the 
Triassic  rocks,  but  are  not  commoni}-  important. 

Camhrian  and  Silurian  rocks. — The  Cambrian  and  Silurian  rocks 
consist  of  quartzites,  limestones,  and  shales.  They  are  characterized 
throughout,  as  has  already  been  indicated,  by  strong  folds,  the  rocks 
in  many  instances  being  almost  on  edge.  The  outcrops  of  the  forma- 
tions generally  occur,  therefore,  as  rather  narrow,  straight,  or  gently 
curving  bands,  although  belts  of  considerable  width  are  found  where 
the  folds  are  more  open. 

The  true  quartzites  are  dense,  compact,  and  nonporous,  exhibit  very 
little  jointing,  and  are  frequently  destitute  of  recognizable  bedding 
planes.  Under  such  conditions  they  are  practically  destitute  of  water. 
Some  of  the  beds,  however,  especially  the  Medina  and  Oriskany  sand- 
stones, are  less  dense,  and  carry  water  which  issues  as  fine  large 
springs  where  the  outcrops  are  favorable.  The  limestones,  which 
include  the  Trenton  and  Lower  IIelderl)erg,  are  rather  dense  and  carry 
water  only  in  solution  channels.  For  this  reason  the  finding  of  water 
in  them  is  uncertain,  and  they  are,  therefore,  nirely  a  source  of  supply, 
although  in  some  cities  and  towns  deep  wells  have  obtained  satisfactory 
supplies  from  these  rocks.  There  are  many  fine  springs  along  the 
edges  of  the  limestone  areas,  but  in  the  central  portion  of  the  outcrops 
cisterns  are  mainly  relied  upon  for  water  for  (l()m(\stic  purposes. 

The  shales  carry  some  water  in  their  bedding  planes  and  in  sandy 
interl)edded  layers.  Small  springs  are  fairly  conunon,  and  in  the  less 
strongly  folded  portions  wells  usually  obtain  moderate  supplies. 

Demnian  rocks. — The  Devonian  rocks,  as  already  indicated,  occur  t-o 
some  extent  infolded  with  the  Camhrian  and  Silurian  rocks,  and  are 
also  brought  to  the  surface  by  gentle  folds  in  the  northern  portion  of 
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tiie  Stmte.  They  oonsist  largely  of  Bhales,  altliongh  sandntones 
frequently  predent,  eepedally  in  the  anbdividon  of  the  Devonum  knc 
M  the  Gotekill.  Limestones  are  occaeionally  present.  Springe 
numerous  in  the  areas  where  the  Devonian  shales  and  limestones  < 
crop,  but  they  are  small  as  compared  with  the  springs  of  the  0 
brian  and  Silurian  areas.  They  afford,  nevertheless,  pure.supplies 
a  large  number  of  the  inhabitants  in  the  areas  in  which  they  oec 
Wells  also  generally  obtain  fair  supplies.  In  the  syndines  or  bsi 
flowing  water  is  not  unconunonly  obtained  by  the  deeper  wells,  1 
because  of  the  abundance  of  spring  water  and  of  water  in  the  di 
deep  wells  are  not  often  sunk. 

Osufianiferaus  reMsib.— The  Garboniferous  rocks  consist  of  a  tl 
series  of  sandstones,  shales,  limestones,  and  coals.  The  limestones 
generally  only  a  few  feet  thick,  but  some  of  the  beds  may  run  up  tc 
or  100  feet,  or  even  more.  They  are  not  prominent  water  bear 
although  small  sui^lies  are  almost  always  obtained  either  at  il 
uiq[)er  surfaces  or  from  some  of  their  bedding  or  joint  planes. 

The  Garboniferous  shales,  like  the  Devonian,  frequently  carry  wi 
along  their  bedding  planes  and  in  their  interbedded  sandy  layers, 
though  giving  rise  to  a  considerable  number  of  springs  and  fnmisli 
supplies  for  many  shallow  wells,  they  are  not  conspicuously  wi 
bearing. 

Water  is  frequently  found  associated  with  the  coals,  but  is  aln 
always  highly  charged  with  ferrouH  sulphate,  resulting  from 
decomposition  of  the  pyrite  in  the  coal.  Sandstones  are  often 
great  thickness  and  are  fairl}'  open  and  porous.  Where  above  dn 
age  level  they  commonly  carry  relatively  little  water,  but  below  i 
level  they  are  often  saturated,  and  drilled  wells  penetrating  tl 
generally  obUiin  good  supplies.  Where  the  rocks  lie  aconsiden 
distance  below  the  surface,  however,  the  fresh  water  is  liable  tc 
replaced  ))y  salt  water  or  by  oil;  hence  deep  wells  are  sometimes 
little  value  as  sources  of  water  supply.  Flowing  water  in  f recjueii 
.  obtained  in  the  synclines  or  Ijasins  and  elsewhere  where  the  eonditi 
are  favorable,  but  tlie  water  will  seldom  rise  more  than  a  few  1 
al>ove  the  surface,  and  pumping  is  almost  universallj'^  necessary  to  n 
it  for  industrial  uses.  In  general,  fresh  waters  in  the  Carbonifer 
and  Devonian  rocks  are  found  witiiin  500  feet  of  the  surface.  Bel 
this  [)oint  the  rocks  arc  in  some  places  entirely  destitute  of  water,  i 
in  others  carry  sjilt  water  as  indicated  aiK)ve. 

Coantal  PhimdepoHttH, — The  eastern  portion  of  Philadelphia  is  und 
lain  by  Coastal  Plain  formations,  consisting  of  the  lower  beds  of 
Itaritjin-Potomac  deposits.     These  })eds  are  water  bearers  and  b 
been  tapped  by  a  num}M>r  of  wells  in  the  cit}'. 
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MINERAL  SPRINGS. 

The  waters  of  Pennsylvania,  except  those  of  the  Triassic  area,  of 
le  limestones,  and  those  associated  with  coals,  are  usually  low  in 
ineral  matter.  There  are,  however,  scattered  throughout  the  State 
numl>er  of  deep-seated  springs  the  waters  of  which  are  mineralized, 
[any  of  these  mineral  waters  are  bottled  and  sold  commercially,  and 
isorts  of  importance  have  been  developed  about  others.  The  mineral 
)rin[r8  are  not  confined  to  any  one  class  of  rocks,  but  are  found  in  all 
■  the  types  described.     The  following  springs  reported  shipments  in 

Artesia  Spring,  Harrison  Valley,  Potter  County. 

He<lford  Chalybeate  Sprin^r,  Be<lford,  Bedford  County. 

Be<lfoni  Mineral  Springs,  near  Bedford,  Bedforti  County. 

Black  Barren  Mineral  Spring,  Pleasant  Grove,  I^ncaster  County. 

Buona  Vista  Si)rings,  Buena  Vista,  Franklin  County. 

Charmian  Mineral  Spring,  Chamiian,  Franklin  County. 

Cloverdale  Artesian  Lithia  Spring,  Newville,  Cumberland  County. 

Corry  Artesian  Mineral  Spring,  Corry,  Erie  County. 

( -retwjn  Springs,  Cresson,  Cambria  C^>unty. 

De  Vita  Mineral  Springe.  Cambridge  Springs,  Crawford  County. 

Eiist  Mountain  Lithia  Well,  near  Factoryville,  Wyoming  County. 

Ei)hrata  Mountain  Crystal  Spring,  near  Kphrata,  Lancaster  County. 

Glen  Summit  Spring,  Glen  Summit,  Luzerne  County. 

Gray  Mineral  Spring,  Cambridge  Springs,  Crawford  County. 

Imi^erial  Spring,  Angelica,  Berks  County. 

Korrylutz  Well,  Corry,  Erie  County. 

Magnesia  Si)ring,  Cambridge  Springs,  Crawford  County. 

^lalvem  Spring,  Malvern,  Chester  County. 

Parker  Mineral  Spring,  Ganleau,  McKean  County. 

Pavilion  Spring,  South  Mountain,  Wernersville,  Bt^rks  County. 

IVtticonl  Mineral  Spring,  Cambridge  Springs,  Crawford  County. 

Pulaski  Natural  Mineral  Spring,  Pulaski,  l^wrence  County. 

Kennyson  Tre<lyffrin  Spring,  Rennyson,  (/hester  County. 

K()ss-<'ommon  Springs,  Windgap,  Monroe  County. 

Saegertown  Mineral  Spring,  Saegertown,  Crawford  County. 

Sizer  Mineral  Spring,  Sizerville,  Cameron  County. 

Spnice  Hollow  Mineral  Spring,  near  Northumberland,  Northuml)erland County. 

The  J.  W.  I^ang  Mineral  Well,  Venango,  Crawford  County. 

Tu<*kahoe  Mineral  Springs,  Northumberland,  Northumberland  County. 

Whann  Alkaline  Lithia  Mineral  Springs,  near  Franklin,  Venango  County. 

White  House  Spring,  Neversink  Mountain,  Reading,  Berks  County. 

The  aggregate  amount  of  water  .sold  in  li)02  is  given  as  4,567,260 
tUons,  vahied  at  §1,124,532. 


"  Peale,  A.  C,  Mineml  Kcsoiin-es  U.  S.  for  1902,  V.  .S.  Geol.  Survey,  1901,  p.  996. 
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MinerH]  Hitrin^  i>f  tht^  United  States,  by  A.  0.  Peale:  finlL  U.  8.  GeoL  Survey 
No,  :t2,  pp.  44-4S>. 

Arte,iian-W'ell  prue^^ectj^  in  the  Atlantic  Coastal  Hain  region,  bj  N.  H.  Barton:  Bull 
U.  8.  Cie*>l.  Survey  N*>.  1:^8,  pp.  116-117. 

Prt'IJmmar>'  Vmt  of  deep  borings  in  the  United  states,  pt  2,  by  If .  H.  Darton: 
WALtcT-^npply  and  Irrig.  Paper  U.  a  GeoL  Snrvey  Na  61, 1902,  pp.  2&^i2. 

Wat4.'r  ri'^oiirci^  of  the  Philadelphia  district,  by  F.  Basoom:  Water<8apply  and 
Irri^^  IVijier  \\  S.  Cn^ul  H^orvey  Ho.  lOft,  1904. 

VVnUr  i^^innu^  i.ti  the Chamberabttig  and  Merpersboig  qmfidnng^ea^  PeiuMylvi- 
Ilia,  by  U.  W.  r^toR.*:  Water^iqpply  aiid  Inig.  Paper  U.  S.  GeoL  Survegr  Ho.  116^ 
mn,  pp.  iri^vi5w. 

Wate^r  ri^Hiiw^  of  the  Gorwensvilie,  Patton,  Ebensboig,  and  Bameaboio  ^lad- 
muglt^p  Peiuti^yhjuim,  by  F.  G.  dapp:  Watei^Saf^ly  and  Irrig«  Paper  U«  &  GeoL 
Sorvi^v  Xo.  lltX  UHM,  pp.  150^163. 

Water  rt«MHiri-iH  ui  tho  EldeiB Bidge quadrangle,  Pennsylvania,  by  |L  W.  Slone: 
VVuU'r-Sitp)i)y  Ai)i1  trri^.  Paper  U.  S.  GeoL  Survey  No.  110, 1904,  pp.  IM-liSk 

Water  n^ounifj  of  tlut  Waynesboxg  qnadrai^le,  Pennsylvania,  ^R.W*8looe: 
VVater-Hupply  aiitl  Irrig.  Paper  U.  a  QeoL  Survey  No.  110, 1904,  {^  im,  1«7. 

\V(*1J  records.    (8e^*  rettorts  of  State  Geological  Survey  of  New  Jexa^y.) 


DELAWARE. 


Bv  N.  H.  Darton. 


GKOIiOGY. 

This  State  lies  almost  entirely  on  the  Coastal  Plain,  across  which  it 
extends  diagonally'  to  the  Atlantic  Ocean.  The  crystalline  rocks 
enier|re  at  the  surface  in  the  extreme  northern  portion  of  the  State, 
hut  are  deeply  huried  under  the  Coastal  Plain  deposits  to  the  south- 
oast.  The  general  structure  is  shown  in  section  1,  PI.  VII.  The 
topograph}^  of  the  Stiite  is  relatively  simple,  consisting  of  a  general 
terrace  plain  avemging  about  50  feet  in  altitude  and  a  small  area  of 
higher  rolling  hills  north  and  west  of  Wilmington.  The  geologic 
formations  are  as  follows: 
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WATER  HORIZONS. 

As  relatively  few  deep  wolls  have  been  bored  in  Delaware,  the  water 
horizons  have  not  been  fully  (explored  over  a  very  wide  area.  The  well 
at  Middletown  (see  below)  has  obtained  a  fine  supply  of  water  from 
the  Potomac  formation,  apparently  from  the  basal  beds,  and  it  is 
probable  that  this  water  shec^t  extends  from  Wilmington  past  Middle- 
town  far  southward.  At  Farnhurst  it  yields  a  moderate  supply.  The 
dip  of  the  horizon  to  the  south -southeast  is  about  30  feet  to  the  mile, 
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wbicb  can  ten  it  f  mm  the  tidt)  level  at  Wiknington  to  a  depdi  of  165 
feet  at  Fai  iilnir^t  and  535  f(.*et  iit  Mi^etowB.  Water  hori»Mis  above 
the  lower  b^^ds^  of  the  Potoniiu-,  fomiatioii  and  in  the  Maiawaa,  Bed- 
bank^  litid  Lower  Marl,  that  ortur  in  New  Jersey,  were  not  iqported  ia 
the  Middle  town  well,  %vhidi  probably  indicates  that  these  wmta»  do  wit 
extend  into  Delaware.  The  principal  Chesapeake  horiaona  appear  to 
he  repreR^iitcd  in  Delaware;,  although  the  evidence  in  regard  to  thrir 
correlation  ih  uoi  conclusive.  Hie  basal  Chesapeake  water,  so  fanpw- 
tant  in  Maryland,  has  not  been  readied  by  the  wells.  The  water  firom 
^nds  in  tlie  ^reat  diatom  bed  (the  5%-foot  horizon  at  Atlaiitic  City) 
probably  ^^upplies  tfie  Dover  and  Ikbhon  River  wells,  with  their  large 
yields,  while  Milford  and  Lewas  ^>parently  obtain  their  waters  from  t 
hstmtutn  that  lie^  just  above  the  diatom  bed.  As  the  Eatts  Hmnmoek 
well  dniwd  from  a  bed  utxmt  125  feet  above  the  horizdn  of  Dover  and 
Mahofi  waters,  its  water  horis^on  can  not  be  definitely  correlated* wiiii 
ail)  of  thoae  at  Atlantic  City,  The  Ocean  City  well  in  Maryland  Isi 
high  Chci^apeake  horizon  which  probably  extends  into  the  sdoiiMn 
edge  of  Delaware,  hut  no  wells  have  yet  been  sunk  to  it  in  that  Starts. 

WATKJi  SUFPUGBS. 
DEBT  WELLS. 


There  are  only  a  few  deep  wells  in  the  State,  but  they  are  all  i 
fal  and  n«urly  all  f urnisib  large  supplies  of  water.    The  following  is  a 
list  of  some  of  the  more  important  ones: 

Partial  list  of  deep  wells  in  Delaware, 
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Do 

Moderate. 

Fftmhuret 

Water  also  at  40  and  60  feet' 

Kltta  Hummock 

Lewes 

U 
6 

10-« 
(?) 

Much. 

15 

Much. 

330 

en 

-  2k 
To  surface. 

rock  at  2U  feet. 

Mahon  River 

Middletovni 

-60 

Fin<>    niiRlitv   of    ivntAf-    Tnnnh 

Middletown 

water  also   at   475  and   MO 
'      feet. 

(?) 

Milford 

Do 

Do 

160 
150 

4                         60 
4                          60 
4  1                       50 
8                       15-18 

-f  2 
-r  3 

1 
Wilmington    (Stoekle  i       400 

In  granite. 

Brewery). 

Wilmington  (H.  &  F. 
Brewer}'). 

Wilmington  (Hart  &. 

1,077 
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In  granite.  96-1.077  feet. 
In  granite,  36-200  feet 
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WELL  PROSPECTS. 

From  the  evidence  furnished  by  wells  now  yielding  water  supplies, 
it  appears  probable  that  the  entire  Coastal  Plain  areA  of  Delaware  is 
underlain  by  water.  About  Middletown  and  to  the  north  the  Potomac 
waters  may  be  expected  at  depths  which  decrease  at  the  rate  of  30  feet 
per  mile  nearly  to  Wilmington,  where  the  Potomac  beds  come  to  the 
surface.  These  waters  may  extend  down  the  dip  south  of  Middletown 
for  many  miles,  but  as  no  wells  have  been  bored  to  them  in  that  region 
no  positive  prediction  can  now  be  made  as  to  the  probability  of  obtain- 
ing water  there.  At  Dover  they  should  be  expected  at  about  1,000 
feet  below  the  surface,  if  the  southward  dip  continues  at  a  uniform 
rate. 

The  Chesapeake  waters  begin  a  couple  of  miles  north  of  Clayton  and 
extend  to  the  southern  border  of  the  State.  The  basal  Chesapeake 
waters,  which  are  important  sources  of  supply  in  Maryland  and  in 
areas  farther  south,  have  not  been  tested  by  any  wells  in  Delaware, 
hut  may  be  expected  to  extend  over  a  wide  area.  The  Clayton  boring 
to  150  feet  nearly  reached  this  horizon,  which  probably  lies  about  450 
feet  below  the  surface  at  Dover.  The  Dover  waters  no  doubt  are 
widespread,  for  they  are  probably  the  same  as  those  found  at  234  feet 
at  Federalsburg.  The  water  horizon  which  appears  to  extend  from 
Milford  to  Lewes  probably  also  underlies  all  of  eastern  Sussex  County, 
hut  it  is  not  reported  in  any  of  the  Maryland  wells.  In  both  Kent 
and  Sussex  counties  there  are  almost  certain  prospects  for  Chesapeake 
waters  at  one  horizon  or  another  within  500  feet  of  the  surface.  Sec- 
tions 1  and  2,  PI.  VII,  show  the  conditions  so  far  as  there  are  any  data 
to  present  concerning  them. 

PRINCIPAT^  PUBIilCATIONS. 

(^^  Well  records. )     8ee  reports  of  State  Geological  Survey  of  New  Jersey. 
Artesian-well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 

U.  S.  Ueol.  Survey  No.  18S,  1896,  pp.  117-124. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton:  Water- 

Snpply  and  Irrig.  Pajwr  U.  S.  Cieol.  Survey  No.  57,  19U2,  p.  21. 
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MARYLAND. 


By  N.  H.  Dab3X>n  .and  M.  L.  Fulleb.* 


TOPOCJRAPHY  AND  OlIOtiOGT. 

Tho  8utfaLT  of  Miirylftnd  may  be  divided  into  four  topognpliie 
bcltf?!,  dett^niiltK^d  by  tlu'  composition  and  structure  of  the  underiyiDg 
rockn.  Three  of  thi^su,  (be Piedmont  Plateau,  the  Appaladbian  Moon- 
tain,  and  Allegheny  Phitmu  belts,  are  continuations  of  those  devdoped 
hi  PL>titi}syh  aiim  and  dc^sedbed  in  connection  with  that  State.  In  addi- 
tion t(»  the.se  there  in  iti  Maryland  the  fifreat  Coastal  Plain  belt,  whidb 
8treti■lK^H  southejistvvjiixl  from  a  line  extending  fri>m  uvav  lUnw  ik 
Gmee  through  ISultitnon^  and  Washington  to  Ohe.sHpisik*-  Bay  mid  the 
Athuitie  nmst.  Tfie  umfcerialsof  this  belt  are  iuk  onhiulidatc^I  days, 
Hfindn,  and  gmvels,  mainly  of  Cretaceous  and  Tertiary  age.  When 
origiiudly  deposited  ttn^  beds  were  very  nearly  tiorizoiitnl,  hut  thev 
have  beiBii  since  tilted  ho  that  they  now  dip  coiiHidenUdy  to  the  soutli- 

The  Coastal  Plain  is  moderately  low  and  where  not  eroded  by  streams 
exhibits  flat  surfaces.  Such  flat  area.s,  however,  because  of  the  extent 
to  which  erosion  has  taken  place,  are  of  no  great  extent. 

The  rocks  of  the  Piedmont  Plateau  are  mainly  crystalline  and  include 
granites,  diorites,  and  other  igneous  or  metaniorphic  rocks,  together 
with  some  schists,  slates,  and  crystalline  limestones.  In  altitude  the 
belt  is  somewhat  higher  than  the  Coastal  Plain  area.  Like  the  latter, 
it  shows,  in  those  portions  untouched  b}^  streams,  a  nearly  flat  surface 
due,  however,  in  this  instance,  to  long-continued  erosion  at  a  period 
when  the  rocks  stood  near  sea  level,  rather  than  to  nearly  level  depo- 
sition, as  in  the  Coastal  Plain.  The  rocks,  though  deepl}'  weathered, 
are  harder  than  the  Coastal  Plain  deposits  and  are  less  readily  gullied 
by  small  streams.  Moreover,  the}'  have  been  subjected  to  erosion  for 
a  much  longer  period  than  those  of  the  Coastal  Plain  and  more  roundeil 
forms  have  been  developed. 

Bordering  the  crystalline  area  and  included  partly  within  the  area 
of  Ordovician  roeks  to  the  west  is  a  belt  of  Triassic  sandstones  and 

a  The  foUowInK  account  of  the  water  resources  of  Maryhnid  has  tx'cn  prepared  by  M.  L.  FuUer,  bat 
the  portlouH  relating  to  the  Coastal  Plain  have  been  compiled  from  the  report  of  Mr.  N.  H.  Dartonon 
Artesian-well  proepccta  in  the  Atlantic  Coastal  Plain  rcKion:  Bull.  U.  8.  Geol.  Survey  No.  138,  1896. 
U4 
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shales  that  ranges  in  width  from  2  to  15  miles.     The  topography  of 
this  belt  is  similar  to  that  of  the  Piedmont  belt. 

The  Appalachian  Mountain  belt,  as  in  Pennsylvania,  consists  of  a 
series  of  strongly  folded  Cambrian,  Ordovician,  Silurian,  and  Devo- 
nian rocks,  including  a  numt)er  of  quartzites,  sandstones,  and  lime- 
stones, lying  mainly  between  Emmitsburg  and  Cumberland  and 
striking  northeast-southwest.  Beyond  Cumberland  the  rocks  consist 
of  moderately  folded  Devonian  and  Carboniferous  strata,  the  harder 
beds  of  which  give  rise  to  ridges.  These  ridges  are  not,  however, 
so  strongly  developed  as  those  lying  farther  east,  and  in  the  areas 
between  them  plateaus  similar  to  those  of  western  Pennsylvania  have 
been  developed.  As  in  the  latter  State  the  plateau  in  Maryland  is 
deeply  cut  by  the  streams  which  drain  it. 

WATER  HUPPIilES. 

SPRINGS. 

Springs  are  numerous  throughout  Maryland,  but  it  is  only  in  the 
limestones  or  coarse  sandstones  of  the  strongly  folded  Appalac*hian 
belt  that  they  are  commonly  of  any  considemble  size.  In  rocks  other 
than  limestones  and  sandstones  the  springs,  though  numerous,  are 
small,  but  they  nevertheless  supply  pure  water  for  a  large  number  of 
inhabitants  in  the  more  thinly  settled  districts. 

In  the  crystalline  rocks  of  the  Piedmont  Plateau  springs  are  less 
common  and  are  generally  of  small  volume,  but  because  of  the  demand 
for  pure  water  for  drinking  purposes  in  the  larger  cities  a  number  of 
such  springs  have  been  developed  and  their  waters  placed  on  the  market. 
These  are  mainly  in  the  vicinity  of  Washington  and  Baltimore. 

The  more  porous  beds  of  the  Coastal  Plain,  where  cut  by  ravines, 
give  rise  to  numerous  springs.  These  are  commonly  small  and  their 
water  is  frequentl}'  hard  and  is  unsatisfactory  for  many  purposes. 
Relatively  little  use  is  generally  made  of  these  springs,  but  a  few  of 
them  that  possess  medicinal  properties  have  been  developed  and  their 
waters  placed  on  the  market. 

The  following  is  a  list  of  springs  reporting  shipments  in  1002: '^ 

Blackiston  Island  Diuretic  Mineral  Spring,  BlaekiHtoii  Island,  St.  Mary  (Vmnty. 

Bla^lenshurg  Spa,  Bladensburj;,  IVince  (reorjye  County. 

Carroll  Springs,  Forest  (ilen,  Montp)inery  County. 

Chattolanee  Sprinp^,  Chattolanee,  Baltimore  (>)unty. 

Elini  or  Willniead  Spring;,  Oxenhill,  IVince  (reorji:e  County. 

Mardela  Mineral  Spring,  Mardela,  Wieoniico  County. 

Rock  Hill  Indian  Spring,  Kockville,  Montgomery  County. 

Roland  Park  Arte^^ian  Well,  Roland  I'ark,  Baltimore  County. 

Takonia  Spring,  Takoma  Park,  Montgomery  County. 


"Peale,  A.  C.  MiiK-ral  Kcsoiircts  r.  S.  for  IWJ,  V.  S.  (Jcol.  Survey,  IIMM,  p.  l)%. 
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Of  these  springs  those  in  St  Mary,  Prince  George,  and  Wicomico 
counties  are  from  Coastal  Plain  deposits.  The  remainder  are  probably 
from  the  crystalline  rocks  of  the  Piedmont  Plateau.  The  aggregate 
production  for  190S  is  given  as  488,228  gallons,  with  a  value  of  $15,100. 

STREAMS. 

The  small  streams  in  the  mountainous  regions  of  Maryland  are 
mainly  spring-fed  and  contain  in  their  upper  courses  very  pure  water. 
They  soon  become  contaminated,  however,  by  refuse  from  manufac- 
tories and  villages  situated  along  their  courses,  and,  although  fre- 
quently used  as  a  source  of  water  supply,  they  can  not  be  regarded  a8 
a  desirable  source  of  water  for  domestic  use.  Moreover,  they  are 
often  highly  charged  with  silt 

llie  streams  of  the  Piedmont  and  Coastal  Plain  belts  are,  because 
of  the  relative  density  of  population  of  those  areas,  even  more  liable 
to  pollution  than  those  of  the  mountainous  area  and  are  seldom,  if 
ever,  desirable  sources  of  supply. 

WELLS. 

Allegheny  Plateau. — ^The  Allegheny  Plateau  is  developed  only  over 
a  limited  area  in  the  extreme  western  part  of  the  State.  It  is  cut  by 
the  Potomac  and  Youghiogheny  rivers  and  abounds  in  smaller  streams. 
Springs  are  also  common  in  this  region.  The  surface  waters  are  tjo 
abundant  that  the  relatively  small  population  depends  largely  on  natural 
water  suppliers,  very  few  wells  being  sunk  except  in  the  river  l)ottoms, 
where  good  water  is  obtained  at  slight  depth.  » Sucli  wells  as  have  been 
drilled,  however,  have  generally  procured  considerable  water  from  the 
shales  and  sandstones  of  the  Carboniferous  and  Devonian.  Several 
wells  in  the  synclines  or  basins  yield  flowing  water. 

Appidachian  Mountaim^. — There  are  a  few  wells  in  the  river  bot- 
toms and  there  is  an  occasional  shallow  rock  well  in  the  limestone  or 
shale  valleys  in  the  Appalachian  Mountiiin  belt,  but  deep  wells  are 
lacking,  springs  constituting  almost  the  only  source  of  natural  supply. 
Cisterns  are  sometimes  used. 

Piedmont  Plateau. — The  surface  of  the  Piedmont  Plateau  is  here, 
as  elsewhere,  made  up  of  more  or  less  deepl}'  weathered  and  jointed 
crystalline  rocks.  These  contain  considerable  water  in  the  aggregate, 
many  shallow  wells  deriving  their  supplies  from  their  weathered  upper 
portions,  while  other  wells  obtain  water  from  joint  Assurers  at  greater 
depths.  The  occurrence  or  nonoccurren<!e  of  water  at  a  given  point 
can  seldom  be  predicted,  however,  because?  of  the  great  variability  of 
the  governing  factors.  The  largest  supplies  are  obtained  from  these 
rocks  near  the  cities  of  Baltimore  and  Washington,  each  of  which  is 
discussed  sepamtely. 
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QxiAtal  Plain. — ^The  Coastal  Plain  region  in  eastern  Maryland  pre- 
sents the  usual  general  wstructural  relations,  but  certain  local  featui'es 
are  conspicuous.  The  Karitan  formation  merges  into  the  underlying 
Potomac  formation;  the  upper  marl  of  the  marine  Cretaceous  thins 
and  changes  to  more  clayey  beds,  and  only  the  middle  and  lower  mem- 
bers continue  southward,  where  they  have  been  designated  the  Severn 
formation;  the  Panmnkey  greensand  marl  comes  in,  and  the  plateau 
areas  capped  by  the  Lafa3^ette  formation  become  characteristic  fea- 
tures.    The  formations  are  aj^  follows: 

CoasttU  Plain  formatiotis  in  Maryland. 


Formation. 


Characteristic. 


Columbia Loams,  sands,  and  gravels  on  terraces  . 


I^fayette  .. 
Chesapeake  , 
Panmnkey  . , 

S4*vern , 

Miijjothy 

IV)tomac 


Gravel,  sands,  and  loams 

Sands,  clays,  infusorial  earth,  and  marl. 

Glauconitic  marls  and  sands 

Black  argillaceous,  carbonaceous  sands. 

White  sands  and  brown  sandstones 

Clay,  sands,  and  gravels 


Age. 

Quaternary. 

Pliocene? 

Miocene. 

P^ocene. 

Cretaceous. 

Cretaceous. 

Early  Cretaceous. 


In  the  following  table  is  given  a  list  of  the  more  impoiiant  localities 
obtaining  deep  or  aiiosian  waters.  Baltimore  wells  are  not  given,  but 
are  considered  on  a  subsequent  page: 

Statistics  of  deep-well  localities  in  Manfland. 
Kangoofch'pth. 


Locality. 


Agricultural  College 

Annapolis 

Bay  Ridge 

Bowie 

BushwocKl 

(•ambridge.  G  wells.. 

Chapel  Point 

Claiborne  

('ornfield  Harbor 

On  farm 

Cri.sneld 

Denton 


From- 


To- 


Range  of  capaeity    \ 
per  minute.         I 


From- 


Kavton,  G  welLs  . 


Ff«h*ralsl»urg 

Indian  Head 

Laurel 

\a'  (!<)mpfH  store  . 

1am  )nanl  town 

Marllx)ro 


240 
I.OIS 


CtCH^logie  horizon  of  water. 


Fat. 
150 

(iaUims. 

5 

201 

470 

20 

3M4 

0 

2S7 

870 

IGO 

each.iV) 

440 

Many 

:iGO 

;i70 

1,090 
GOO 

40 



0 

200 
'30 

eaeh.75 
20 
11.1 
10 
4 

•2r> 

14,s.l 

3.>; 

;ioo 

2L»*J 

Ba»il  Potomac. 

Magothy. 

Mid- Potomac. 

In  Potomac. 

l»\v  in  Painunkey. 

Ba.sal  Chesapeake. 

Basal  Pamunkey. 

Magothy.  in  Pamunkey. 

Basal  Chesapeake. 

Chesapeake,  Basal  Chesafieake. 

Magothy.  Potcmiac. 


(I^»w  in  Chesapeake, 
i    Ix>w  HI  Severn? 


Into  Pamunkev, 


In  Chesapeake. 
In  Potomac. 
Basal  Potomac. 
Basal  ChesaiH?ake. 
Do. 
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^^B           boc«lU]r. 

B*TI«1^0J<]iiptlt. 

per  mbittte. 

Genloglt  liodwtQ  of  WAter. 

Fnna^ 

■Po- 

ProiA' — 

- 

I& 

1 

7 
2U 

S 
1 

Mfiny. 

MiJ<^N  ltJv*»rNerk(Lmig 

J^. 

m 

ITS 

m 

370 
240 

aw 

101 
400 

w 

OaSo^M, 

In  I'lununk^?)?, 

Irftw  hi  hunititkiiy, 
IIIjtH  Ml  ('(iimntJ^'iiko. 
HiUMtl  I'Mtoiiiiii? 

I 

ritj:b  111  Chi^iinmktf.              ^^H 

~ 3 

t>iikl#-j^,,-.- 

cvomi  VHy  .„„ 

I't^ttix^.'iit  Htver,  lit  II. 
As  I*.  R,  R. 

Boiwliy  on  PutiiJci^rvt  ►  * 

Rock    i*oiiii,    iMii4fIf^< 
Ccjutity. 

» 

10 

H           TiJuCii  A|lUi«,  (111  M1W 
■             River  Nwk. 

Flnw*^  fi 

WATER  HORIZONS. 


It  is  now  known  that  the  greater  part  of  the  entire  Coastal  Plain 
region  of  Maryland  is  underlain  by  several  horizons  of  water-bearing 
beds.  The  distribution  of  wells  and  water  horizons  is  represented  in 
the  cross  sections  of  PL  VII.  • 

The  gravels  and  sands  of  the  basal  beds  of  the  Potomac  formation 
that  lie  on  or  near  the  floor  of  crystalline  rocks  are  the  principal 
sources  of  water  for  wells  sunk  in  the  western  portion  of  the  Coastal 
Plain.  How  far  southeastward  this  water  horizon  may  extend  has  not 
been  determined,  but  probably  it  will  yield  water  in  many  areas  nearly 
to  the  Atlantic  coast.  To  the  east  and  south  the  dip  of  the  Potomac 
horizon  carries  it  to  a  great  depth,  but  there  are  several  strata  of 
water  in  higher  beds  in  the  Potomac,  and  in  other  formations  at  more 
moderate  depths.  The  easternmost  successful  wells  which  have  reached 
the  base  of  the  Potomac  formation  are  those  in  the  southeastern  portion 
of  the  Baltimore  region,  in  the  District  of  Columbia,  and  at  Middle- 
town,  in  Delaware,  all  of  which  are  only  a  few  miles  from  the  outcrop 
of  the  formation,  so  that  the  eastern  extension  of  the  basal  Potomac 
waters  is  not  known  over  a  very  great  breadth  of  territory.  .  The  fail- 
ure of  a  well  at  Sparrow  Point  to  find  water  in  the  basal  beds  indicates 
also  that  the  sheet  of  water  is  not  general  at  this  horizon. 
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The  water  horizons  lying  at  various  distances  above  the  basal  beds, 
but  within  the  Potomac  formation,  have  been  extensively  explored  in 
the  vicinity  of  Washington  and  Baltimore,  where  they  appear  to  be 
widespread  and  satisfactorily  productive.  They  havealso  been  reached 
in  a  Marlboro  well  at  a  depth  of  216  feet,  and  in  a  well  at  Indian  Head 
at  459  feet.  A  well  at  Bowie  found  no  satisfactory  supply  of  water 
to  within  al>out  200  feet  of  the  base  of  the  formation,  nor  was  a  well 
on  Spesutie  Island  a  success,  though  it  appears  to  have  penetrated  the 
Potomac  beds  to  a  considerable  distance.  The  sands  of  the  Magothj'^ 
formation,  which  underlie  the  Potomac,  appear  to  be  water  bearers 
over  a  wide  area  on  the  Eastern  Shore  of  Maryland,  as  is  probably 
indicated  by  wells  at  Claiborne,  Tilghman  Island,  and  Crisfield,  and 
I)ossibly  also  at  Tunis  Mills.  They  underlie  the  central  area  of  the 
Western  Shore  southeast  of  a  line  from  Bowie  to  the  mouth  of  the 
Patapsco  Kiver,  but  do  not  appear  to  yield  water  in  Marlboro,  Annap- 
olis, and  Bay  Kidge  wells.  A  boring  to  600  feet  at  Ekston,  unfortu- 
nateh',  probably  did  not  thoroughly  test  this  horizon,  otherwise  we 
might  have  had  some  important  evidence  for  that  portion  of  the  Extern 
Shore  region.  A  265-foot  well  on  Miles  River  Neck  appears  to  draw 
its  water  from  a  horizon  in  the  Pamunke}^  formation,  but  this  well  is 
the  onl}^  indication  of  a  water  horizon  in  these  formations  in  the 
Eastern  Shore  region.  In  wells  at  Colonial  Beach,  Va.,  and  at  Nan- 
jomoy.  Chapel  Point,  and  Rock  Point,  in  Charles  County,  the  basal 
Pamunke}^  beds  yield  water  which  .probabl}^  underlies  much  of  south- 
ern Maryland  southeast  of  a  line  from  Herring  Bay  to  Liverpool  Point. 

The  basal  Chesapeake  water  horizon,  which  is  well  explored  in  Vir- 
ginia, yields  water  over  a  wide  area  in  the  southern  counties  of  the 
Western  Shore  at  depths  from  200  to  300  feet,  as  in  wells  at  Solomons 
Island,  Lconardtown,  Pinc}-  Point,  St.  Inigoes,  and  St.  Georges 
Island.  At  Cornfield  Harbor  it  is  365  feet.  This  horizon  also  fur- 
nishes large  water  supplies  at  Denton,  Camliridge,  and  Le  Compt's 
store,  and  possibl}'  in  a  well  195  feet  deep  on  Miles  River  Neck,  on 
the  Eiistern  Shore.  It  was  not  found  at  Crisfield,  nor  in  a  deeper  bor- 
ing at  Easton,  although  the  associated  sandstone  bed  was  reported  at 
Easton.  The  higher  Chesapeake  horizons  are  important  in  New  Jersey 
and  Delaware,  and,  although  not  exti>nsively  t(»sted  in  southern  Mary- 
land, they  probably  underlie  a  considerable  area  of  the  Eastern  Shore. 
At  Easton  the  large  water  supply  in  wells  100  feet  deep  is  derived  from 
a  horizon  in  the  Chesiipeake  formation  about  150  feet  above  its  base, 
and  the  Federalsburg  water,  which  lies  at  a  dc^pth  of  234  feet,  is  either 
at  the  same  horizon  or  at  one  not  a  great  distsmce  above.  The  small 
showing  of  water  at  160  fe(*t  at  L(»onanltown  appears  to  be  a  local 
occurrence,  for  it  was  not  reported  in  other  wells  to  the  east.  Unsatis- 
factory water  was  obtained  at  Salisliury  from  a  much  higher  horizon. 
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and  the  flow  of  fine  water  at  Ocean  City  is  from  a  still  higher  horizon  of 
the  Chesapeake  formation.  In  the  wells  at  and  near  Cambridge  and  at 
Crisfield  no  waters  were  reported  above  the  basal  Chesapeake  beds; 
so  we  mast  cpnclode  that  the  higher  waters  do  not  extend  in  that 
^Urection. 

BAIiTIMORE  DISTBICT. 

QBOLOQY. 

Baltimore  lies  in  the  zone  in  which  the  crystalline  rocks  emerge  from 
beneath  the  Coastal  Plain  dexx^sits.  Although  in  greater  part  it  is  built 
on  the  Potomac  formation,  the  depressioas  of  Jones  and  Gwynns  falb 
are  excavated  to  the  crystalline  rocks,  and  these  rocks  rise  rapidly  to 
constitute  the  surface  in  the  region  north  and  west  of  the  city.  Tbe 
Potomac  formation  consists  of  its  usual  materials,  in  which  predomi- 
nate clays  of  various  colors  and  fine  sands.  Toward  its  base  there  are 
beds  of  coarse  sands  and  gravels,  and  at  the  base  an  almost  genenl 
occurrence  of  these  materials,  lying  on  a  floor  of  crystalline  rocb. 
Some  features  and  relations  of  these  basal  beds  are  shown  in  PI.  ATIII. 
The  coarse  materials  contain  widely  extended  sheets  of  water,  which 
have  been  tapped  by  many  well  borings  of  moderate  depth.  The 
rock  floor  slopes  rather  steeply  eastward,  at  a  rate  averaging  about  65 
feet  per  mile,  but  tbe  rate  appears  to  increase  locally  to  100  feet  along 
by  the  Basin.  The  basal  gravels  pass  beneath  tide  water  along  a  line 
extending  from  the  lower  Baltimore  and  Ohio  Railroad  bridge  over 
Gwynns  Falls  to  the  Fayette  Street  Bridge  over  Jones  Falls,  and  then^'c 
due  e&st-northeastward.  The  principal  water  supplies  are  found  south 
of  this  line,  for  in  the  area  to  the  north  the  waters  are  .free  to  flow 
-laterally  into  the  depressions  of  Jones  and  (irwynns  falls.  The  basal 
gravels  emerge  in  the  northern  portion  of  the  city,  although  in  some 
areas  they  are  overlain  by  a  thin  cap  of  ji^ravels  and  loams  of  earlier 
(Columbia)  age.  The}'^  cap  the  Druid  Hill  Park  rejrion,  the  ridges  for 
some  distance  out  Charles  street,  Roland  avenue,  and  York,  Harford, 
and  Belair  roads,  and  the  high  region  about  Catonsville.  In  these 
outlying  extensions  the  basal  gravels  constitute  a  capping  on  the 
cr3^staHine  rocks  which  averages  from  10  to  30  feet  in  thickne^ss. 
The  principal  structural  relations  are  shown  in  the  sections  on  PL  VIII. 
On  Patapsco  River  Neck  the  Potomac  formation  rapidly  thickens  as  the 
crystalline  rock  floor  descends  to  the  east,  and  at  Sparrow  Point  ib< 
thickness  was  found  to  be  500  feet.  The  higher  ridge  which  extends 
along  the  northern  portion  of  this  neck  is  capped  by  a  thin  mantle  of 
eiirlier  C'Olumbia  gravels  and  loams,  and  the  lower  terraces  consist  of 
later  Columbia  loams  ^nd  sands,  with  some  gravel  in  the  lower  l>eds. 
These  formations,  however,  are  not  involved  in  the  (juestion  of  the 
deeper  water  supply. 
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The  crystalline  rocks  present  considerable  variety  of  materials,  but 
jfiieiss  and  granite,  or  ''gray  stone,"  and  "nigger  head,"  or  gabbro, 
ire  the  most  conspicuous  varieties.  They  are  all  considerably  fissured 
md  often  deeply  decomposed  along  fissures  or  veins  of  moderate  width 
md  extent.  The  fissures  or  veins  are  usually  nearly  vertical  and 
'xtiMid  from  northeast  to  southwest.  They  are  water-bearei*s  in  greater 
)i-  less  measure,  but  their  distribution  and  extent  have  not  l)een  deter- 
mined, except  in  the  case  of  the  one  along  Belair  road,  which  has  been 
tested  for  a  short  distance. 

WATER  HORIZONS  AND  WELL  PROSPECTS. 

Canton, — The  wells  in  Canton  indicate  the  presence  of  seveml  widely 
t^xleiided  sheets  of  water-bearing  gravels,  the  upper  layers  of  which 
ire  interbedded  between  sheets  of  clay  and  fine  sand,  the  lower  bed 
lying  on  the  floor  of  crystalline  rocks.  The  dip  is  to  the  southeast  at 
rate  of  about  60  feet  per  mile.  In  PI.  VIII  the  first  section  lies  along 
Clinton  street  from  Highlandtown  to  Thirteenth  avenue  and  across 
Patiipsco  River  to  Seawall.  The  three  principal  water  horizons  are 
lettered  A,  B,  and  C.  They  occur  from  the  bed  rock  up  at  intervals 
that  average  40  feet. 

There  are  several  wells  north  of  Canton,  at  Highlandtown,  which 
yield  large  water  supplies.  At  the  National  Brewery  there  are  two 
wells  to  240  and  450  feet,  and  at  Gunther's  brewery  two  wells  to 
207  and  208  feet.  The  waters  at  207  and  240  feet  are  probably  in 
f)asal  Potomac  beds,  or  at  Horizon  A,  as  shown  in  section  1,  PI.  VIll. 
At  Sehluderberg\s  packing  house  a  well  34clds  water  at  135,  160,  and 
210  feet,  and  the  IGO-foot  or  third  horizon  was  tested  to  150  gallons  a 
minute.  The  basal  beds  of  the  Potomac  formation  probably  carry  the 
water  found  at  210  feet. 

K(ut  Baltimore^  fmm  Canton  to  the  linmn,  —There  are  only  a  few 
wells  in  the  vicinity  of  Jones  Falls,  and  the\^  are  not  very  successful, 
hut  from  the  foot  of  Patuxent  street  to  Ann  street  there  are  25  wells, 
nearly  all  of  which  are  large  producers  of  excellent  water.  The 
[ivei^age  depth  is  between  SO  and  120  feet,  and  the  principal  water 
horizon  is  B  of  the  Canton  region,  but  A  and  C  also  are  found. 
Section  2  of  PI.  VHI  illustrates  the  principal  relations. 

The  large  water  supply  found  in  the  basal  Potomac  beds,  Horizon  A, 
appears  to  extend  to  the  north  and  west,  but  it  was  not  reported  half 
!i  mile  southeast.  The  greater  number  of  the  wells  in  this  district  find 
iibundance  of  water  in  Horizon  B,  about  40  feet  above  the  basal  beds. 

What  appear  to  he  the  sea  horizons  of  the  Canton  region  yield  water 
in  [)laces. 

In  the  region  immodijitely  adjoining  »Iones  Falls  and  for  some  dis- 
taiu'C  to  the  west  on  the  north  side  of  the  Basin  deep  wells  do  not  yield 


HatHfactorj  water  mipplios  on  Booount  of  the  proximifejr  of  tbe  hml 
»ti(l  tower  PutoiiiiR^  \mU  t<i  the  gurface.  Several  welb  hnKfB  peneiBEaled 
the  i  ryHtalliiif^  nyekn  and  found  a  fur  supply  of  aatbftwtofy  nmtoi', 

/ity/wH  fn'hfkTn  thr  Htrmn  4fmltkahoa%m^and  JliddUBrmndL--^^ 
are  nevend  wetU  along  the  north  side  of  Locust  Point  frocn  the  Bano 
to  Fort  \U'fhnrY«  wtiieli  yield  fiatisfiustory  water  suppHea  from  the 
I'otijiuui'  horii^onH, 

Probubly  Horistons  B  and  0  underlie  all  of  the  Locust  Point  refpon, 
Hn<1  Horizon  A.  In  the  ba-sal  ]»eds,  may  possibly  occur  at  aomaioealilies 
(<tMtthimst  of  tlu^  Federal  liili  region. 

On  the  Ft^rry  Bar  peninsula  there  are  a  few  widely  soatterad  welk| 
whieb,  fiowever,  indicate  that  the  favorable  conditions  in  CSaatoa  and 
on  LoitLst  IVnnt  continue  to  tlie  west,  and  that  abundant  watenmay 
he  obtained  in  Horizons  C,  B,  and  A.  The  shallower  wateia  aie 
unsutisfaetory  m  tjiiality^  Init  the  deeper  waters  give  no  scale  in  boikiB 
and  occur  in  large  amounts, 

Botwi^>ri  tbi*  l^iu  and  Ritlgely  Cove  a  number  of  attempts  have 
Ix  en  inude  to  obt^dn  water  from  the  crystalline  rocks,  with  varying 
degrees  of  jsuecess, 

Region  f mm  UrooHt/n  to  OaiisBay. — ^The  successful  group  of  welb 
fit  8eawall  and  at  South  Baltimore  (Curtis  Bay)  indicates  a  wide  and 
general  extenHiun  of  the  Fototnitc  waters  under  the  Curtis  Bay-Pktapsoo 
Hivcr  penitKHula.  The  Si ^a wall  water  at  217  feet  appears  to  repreBSot 
.  Hor i sfon  V.  T\n\  5 t^J-  foot  t  »ori  tig  at  Seawall  no  doubt  demonstrates  the 
absence  of  water  in  the  basal  Potomac,  or  Horizon  A,  in  that  vicinity, 
and  also  in  the  underlying  crystalline  rocks. 

Hegiofi  soxdheaatt  of  CanUm  to  Sparmw  Point. — The  wells  of  St 
Helena,  Dundalk,  and  Sparrow  Point  are  included  under  this  heading. 
Their  relations  are  shown  in  section  2,  PI.  VIII.  The  wells  at  St.  Helena 
are  probably  in  Horizon  C,  and  the  water  at  230  feet  at  Dundalk  is 
thought  to  be  in  Horizon  B,  which  probably  would  have  been  found 
at  200  feet  at  St.  Helena.  The  120- foot  water  at  Dundalk  is  possibly 
the  deepest  water  of  Sparrow  Point. 

'  The  Sparrow  Point  wells  are  a  most  satisfactory  group  of  water 
producers.  Their  principal  supply  is  obtained  at  a  depth  of  125  feet 
from  a  horizon  high  in  the  Potomac  formation,  for  a  well  sunk  to  a 
depth  of  495  feet  just  reached  the  gmnite  bed  rock.  In  this  deep  well 
no  water  was  found  below  210  feet,  which  indicates  that  the  lower 
water  horizons  do  not  extend  far  eastward  in  this  region.  The  one 
well  which  draws  100  gallons  a  minute  from  a  depth  of  210  feet  obtains 
its  supply  from  a  horizon  which  can  not  be  definitely  correlated  with 
those  of  wells  farther  northwest. 

Nt/rtheaat  Baltiim/re. — Seveml  breweries  in  this  section  of  the  city 
have  deep  wells,  some  of  which  yield  satisfactory  water  supplies. 
They  aJJ  penetrate  the  crystalline  rocks  and  obtiiin  water  from  fissures 
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or  decomposed  portions  of  these  rocks  in  fair  supply,  but  when  wells 
wore  sunk  to  815  and  400  feet  at  the  Bauernschmidt  brewery,  a  block 
southwest,  the  supply  at  once  diminished  to  a  very  small  amount.  The 
well  at  the  Brehm  brewery,  which  is  some  distance  east  of  the  Belair 
road  and  several  squares  beyond  North  avenue,  was  sunk  in  the  rock 
to  a  depth  of  1,300  feet  without  finding  water,  but  it  is  considerably 
east  of  the  line  of  the  other  wells. 

The  Darley  Park  Brewery'  well,  on  the  Harford  road,  three  squares 
north  of  North  avenue,  is  west  of  the  Belair-Gay  street  line  of  wells. 
The  waters  from  these  wells  differ  considerably  in  character,  but  in 
t^reater  part  they  are  satisfactory  for  }K)ilers  and  drinking,  although 
in  some  eases  the  water  is  too  ferruginous  for  general  use. 

Uc,v^tV72  part  of  liidtinioi'e. — Except  the  well  at  the  Lipp  Soap 
Works,  at  HoUins  street  and  Calverton  Road,  no  specific  data  for  borings 
in  the  w^estern  part  of  Baltimore  are  at  hand.  The  soap  works  wells  are 
in  crystalline  rocks  and  reach  a  vein  or  fissure  which  yields  a  good 
supply  of  water  of  excellent  quality. 

PRINCIPAL   PUBIilCATIONH. 
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DISTRICT  OF  COLUMBIA. 


By  N.  H.  Darton  and  M.  L.  Fuller. 


GEOTA>GY. 


The  District  of  Columbia  extends  across  the  zone  in  which  the  crys- 
talline rocks  emerge  from  beneath  the  Coastal  Plain  deposits  and  rise 
into  the  Piedmont  Plateau  to  the  west.  The  contact  line  crosses  the 
Potomac  River  at  Washington,  passes  through  the  western  portion 
of  the  city,  and  extends  northward  along  the  east  side  of  Rock 
Creek  Valley.  The  formation  that  lies  on  the  cr^'stalline  rocks  is  the 
Potomac,  which  consists  mainly  of  water-bearing  sands  and  gravels 
below  and  of  clay  and  fine  sands  above.  The  Potomac  formation  has 
in  all  a  thickness  of  about  700  feet,  and  outcrops  in  a  belt  from  7  to  8 
miles  wide,  which  extends  eastward  high  up  the  slopes  on  the  east 
side  of  Anacostia  River.  In  these  slopes  it  is  surmounted  by  younger 
formations,  consisting  of  a  succession  of  the  thin  western  edges  of  the 
dark  sandy  clays  of  the  Severn  formation,  th(»  impure  marl  of  the 
Pamunkey,  the  gray  clays  of  the  Chesapeake,  and  the  gravels  of  tho 
Lafa\'ette.  Washington  is  situated  on  a  scries  of  broad,  low  terraces 
cut  in  Potomac  sands  and  (rlays  and  across  the  edge  of  this  formation 
into  the  crystalline  rocks. 

This  series  of  terraces  and  its  extension  along  all  the  lower  land  of 
the  District  is  capped  by  from  20  to  1^5  feet  of  gravelly  sands  and 
loams  of  the  C/olunibia  formation.  In  the  three  sections  in  PI.  IX  ii 
fairly  clear  representation  is  given  of  the  structure  of  the  Washington 
region.  It  is  in  Ciood  Hope  Hill  that  the  Potomac  formation  passes 
under  the  Severn,  Panmnkey,  Chesapeake,  and  Lafa\'ette  formations, 
as  shown  in  section  2,  but  there  are  also  small  outlying  areas  of  the 
Chesapeake  and  Lafa\'ette  formations  on  the  high  lands  of  Soldiers* 
Home  Park  and  the  ridge  which  extends  to  Tenlcy. 

AVATEIl  HORIZONS  AND  PUOSl>i:crS. 

Wffff'rs  of  tin  mjsUillfnc  r(K'h's, — rfuler  this  head  ai'e  included  the 
waters  of  the  consolidated  rocks  of  the  Pit^dniont  Plateau  portion  of 
th(»  District.  Thes(»  rocks  comprise  granite-gfieiss,  ])iotite-granite, 
diorite,  etc.,  and  are  generally  deeply  weathered  and  cut  by  numerous 
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joints.  The  disintegrated  nature  of  the  outcrops  is  favorable  to  the 
absorption  of  considerable  quantities  of  water  and  the  broken-up  rock 
acts  as  a  filter.  In  general,  the  area  of  the  consolidated  rocks  is  rela- 
tively thinly  settled  and  little  demand  is  made  on  it  for  water  supplies, 
except  by  shallow  wells.  The  few  deep  wells  that  have  been  put 
down,  however,  show  that  moderate  amounts  of  good  water  can 
frequently  be  obtained,  although,  because  of  variations  in  the  density 
of  the  rock  and  in  the  number  of  joint  fissures,  the  conditions  are  far 
from  constant. 

The  surface  of  the  consolidated  rocks  slopes  southeastward  from 
Kock  Creek,  where  it  is  exposed  at  an  elevation  of  200  feet,  at  an 
average  rate  of  110  feet  to  the  mile.  It  lies  at  a  depth  of  about  100 
feet  below  tide  level  in  the  center  of  the  District  and  of  about  600 
feet  at  the  southeastern  boundary.  The  crystalline  rocks  are  not 
depended  upon  as  a  source  of  water  east  of  Rock  Creek  because  of 
the  greater  quantities  that  are  found  in  the  sedimentary  beds  that 
overlie  them  in  this  region. 

Waters  of  the  sedimentary  rocks. — All  of  the  sedimentary  formations 
carry  more  or  less  water,  but,  except  in  the  case  of  the  Potomac,  the 
flows  are  small  and  the  quality  is  not  the  best.  This  is  especially  true 
in  the  isolated  areas  capping  the  hills  of  crystalline  rocks,  even  the 
Potomac  frequently  failing  in  such  localities. 

The  Potomac  is  the  principal  water-bearing  formation  of  the  area; 
it  constitutes  the  surface  material  over  most  of  the  Coastal  Plain 
portion  of  the  District,  having  a  catchment  area  from  6  to  8  miles 
in  width.  Its  base  rests  on  the  crystalline  rocks,  dipping  southeast- 
ward with  the  latter.  Its  total  thickness,  as  pointed  out,  is  about  700 
feet. 

The  deeper-seated  underground  waters  have  been  tapped  by  a  suffi- 
ciently large  number  of  wells  in  the  District  to  demonstrate  the  almost 
general  extension  of  water-bearing  beds  in  the  basal  and  lower  bed  of 
the  Potomac  formation,  and  there  is  often  a  fair  prospect  for  finding 
water  in  the  crystalline  rocks.  The  wells  that  did  not  find  a  satisfac- 
tory water  supply  in  the  basal  Potomac  beds  are  at  the  Ice  Works  at  a 
depth  of  360  feet,  and  at  the  Mount  Vernon  Apartment  House  at  133 
feet.  On  the  other  hand,  the  St.  Elizabeth,  Metropolitan  Railroad 
power  house,  Palais  Royal,  Eckington,  Washington  Brewery,  and 
National  Capitol  Brewery  wells  obtain  large  supplies  from  that  hori- 
zon. In  surface  outcrops  the  basal  Potomac  beds  are  usually  coarse 
siinds  and  gravels,  which  are  filled  with  water,  but  there  are  some 
local  areas  in  which  there  is  a  clay  matrix,  or  even  pure  clay,  extend- 
ing down  to  the  crystiilline  floor.  This  was  found  t-o  be  the  case  at 
the  Mount  Vernon  Apartment  House,  while  at  the  Palais  Royal,  three 
squares  southwest,  the  basal  beds  were  coarse  sands  and  gravels  con- 
taining much  water.     In  the  380-foot  well  at  the  Ice  Wotka  ^^"^x'ssb 
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b:i.sal  beds  were  found,  hut  they  contain  no  large  supply  of  water. 
This  leads  to  the  conclusion  that  the  waters  are  in  part  choked  off 
toward  the  north  by  a  local  area  of  clayey  beds  which  does  not  influ- 
ence the  wells  at  the  breweries  near  by. 

liesides  the  basal  sands  and  gravels  of  the  Potomac  there  are  beds 
of  sand  or  gravel  at  several  other  horizons,  especially  near  the  top. 
Although  of  somewhat  uncertain  persistence  and  character  they  are  jjo 
numerous  that  good  flows  can  generally  be  obtained  at  or  even  consid- 
erably above  sea  level.  As  these  beds  occur  in  the  District  only  near 
its  southeastern  border  they  are  not  here  important  sources  of  water, 
the  underground  water  supply  of  the  District  being  derived,  as  stated, 
mainly  from  the  lower  beds. 

In  general  the  dip  of  the  Potomac  formation  corresponds  roughly 
with  the  slope  of  the  surface  of  the  underlying  crystalline  rocki^, 
decreasing  from  an  elevation  of  200  feet  above  sea  level  just  east  of 
the  Zoological  Park  to  sea  level  in  the  vicinity  of  New  Hampshire  ave- 
nue, 200  feet  }>elow  sea  level  at  the  Capitol,  300  feet  at  Lincoln 
Park,  400  feet  near  Anacostia  River,  and  600  feet  at  the  District  line; 
hence  there  is  a  constant  increase  southeastward  in  the  depths  to 
which  wells  must  be  sunk  to  the  water-bearing  beds. 

In  general  it  may  be  said  that  the  prospects  are  good  for  obtaining 
supplies  from  the  basal  Ijeds  of  the  Potomac,  while  there  is  always  an 
additional  chance  of  finding  water  in  the  overlying  beds,  as  at  the  ice 
works.  Notwithstanding  the  density  of  the  population  of  almost  the 
entire  eatchnient  area  in  the  District,  the  organic  impurities  of  the 
water  arc  largely  oxidized  and  removed  in  consequence  of  the  natural 
filtration  tli rough  the  soil  and  sands,  so  that  the  supply  from  deep  wells 
is  usually  satisfactory  as  regards  purity. 

Mf))er((l  sprln(js. — Springs  are  fairly  immerous  in  the  District  of 
Columbia,  but  in  general  consist  onl}'  of  small  seeps  from  the  disinte- 
gnited  erystalline  rocks  or  from  the  sandy  portions  of  the  Coastal  Plain 
formations.  A  number  have  been  developed,  however,  and  water  to 
the  amount  of  212,100  gallons,  with  a  value  of  $12,105,  was  placed  on 
the  market  in  1902.'^    These  are  listed  below: 

Columbia  Natural  Lithia  Spring,  Washington. 
Crystal  Spring,  Washington, 
(litchie  Crystal  Si)ring,  Benning. 
Laurelwood  Spring,  Mount  Pleasant. 

PRIXCIPAIi  PUBT^ICATIONS. 

Artesian-well  prospectus  of  the  Atlantic  Coastal  Plain  region,  ])y  X.  H.  Darton:  Bull. 

U.  S.  Geol.  Survey  No.  138,  pp.  155-101. 
Description  of  the  Washington,  1).  C,  (luadningles,  ])y  N.  11.  Darton  and  A.  Keith: 

(leol.  Atlan  of  ('.  S.,  folio  70,  IJ.  S.  (leol.  Survey. 


«Peale,  A.  C,  Mineral  Resources  V.  S.  for  1902,  V.  S.  (lool.  Survey,  1901,  p.  996. 


VIRGINIA. 


By  N.  H.  Darton  and  M.  L.  Fuller. 


PHYSIOGRAPHIC  DIVISIONS. 

There  are  four  well-detined  geologic  and  topographic  belts  in  Vir- 
ginia: (1)  The  Coastal  Plain,  (2)  the  Piedmont  Plateau,  (3)  the  Appa- 
lachian Mountain  belt,  and  (4)  the  Cumberland  Plateau.  The  first 
three  are  prolongations  of  the  belts  of  the  same  name  in  Maryland, 
with  which  they  agree  in  character.  The  fourth  corresponds  in  a  gen- 
eral way  with  the  Allegheny  Plateau  of  Pennsylvania  and  Maryland, 
although  its  surface  was  not  produced  at  the  same  geologic  period. 

GEOIiOGY  AND  WATER  HORIZONS. 

COASTAL  PLAIN. 
GEOLOGY. 

The  Coastal  Plain  region  of  Virginia  lies  east  of  a  line  which  passes 
through  Alexandria,  Fredericksburg,  Bothwell,  Richmond,  Petersburg, 
and  Emporia,  comprising  an  area  of  about  9,500  square  miles.  This 
district  is  traversed  from  northwest  to  southeast  by  a  series  of  great 
rivers,  which  divide  it  into  a  succession  of  long  ridges.  These  ridges 
are  remnants  of  a  plateau  surface  which  slopes  from  an  altitude  of  from 
300  to  200  feet  at  the  western  margin  of  the  Coastal  Plain  to  an  altitude 
of  about  100  feet  on  its  eastern  margin.  The  larger  rivers  are  tidal 
estuaries  that  occupy  low  valleys  and  meander  through  wide  terrace 
plains.  Chesapeake  Bay  is  widely  bordered  by  these  interstream 
termces,  while  the  Eastern  Shore  of  Virginia,  which  lies  east  of  the 
bay,  is  a  low  plain,  as  is  also  the  wide  area  which  lies  between  Dismal 
Swamp  and  the  Atlantic  Ocean. 

The  geologic  structure  of  the  region  is  in  general  similar  to  that  of 
eastern  Maryland,  but  there  are  certain  differences  in  the  stratigraphy. 
In  the  outcrop  zone  the  Potomac  formation  becomes  predominantly 
sandy  and  the  Severn  and  Magothy  sands  are  absent,  so  that  the 
Paniunkey  marls  lie  directly  on  the  surface  of  the  Potomac  beds.  Fa* 
eastward,  under  the  bay  and  the  Eastern  Shore,  there  is  probab 
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presented  the  same  sequence  that  is  found  in  Maryland.  The  Chesa 
peake  fornmtion  extends  farther  westward  in  southern  Virginia  and 
often  overlaps  on  the  cr3^stalline  rocks.  In  the  sections,  PI.  X,  there 
are  shown  the  general  structural  relations  in  Virginia  so  far  as  they 
are  known.  The  Coastal  Plain  formations  that  outcrop  in  the  State 
are  as  follows: 

Coastal  Plain  formations  in  Virginia. 


Formation. 


("haract  eristics. 


Columbia Loams,  sands,  and  gravels  in  terraces 

Lafayette i  Orange  sands,  loams,  and  gravels , 

Chesapeake '  Clays,  sands,  infusorial  earth,  and  marl 

Pamuiikey I  Glaueonitic  marls  and  sands 

Potomac I  Sands,  sandstone,  and  ('lays 


A^e. 


Pleistocene. 

Pliocene? 

Miocene. 

Eocene. 

Early  Cretaceous. 


WATER   HORIZONS. 

The  greater  part,  if  not  all,  of  the  Coastal  Plain  region  of  Virginia 
is  underlain  by  water-bearing  strata,  of  which,  to  the  east,  theit 
are  several  horizons.  The  failures  to  obtain  the  higher  water  in  some 
of  the  wells  near  the  bay  indicate  that  in  this  area  at  least  there  are 
no  good  water  supplies  in  the  higher  horizons,  but  the  waters  of  thej 
lower  horizons  have  not  yet  been  fully  developed.  The  success  of  th« 
new  well  at  Fort  Monroe  detinitel y  proves  the  existence  of  one  of  tliose. ' 
The  failure  of  a  single  well,  as  at  Noitii  End  Point,  docs  not  ahva3's dis- 
prove the  existence  of  a  water  horizon,  for  in  many  instances  wtiter 
has  Ijeen  passed  unnoticed,  or  willfully,  by  well  borers. 

The  principal  water  horizons  in  eastern  Virginia  are  the  Chesapeake, 
the  Paniunkey,  and  the  Potomac. 

P(>t(muu\ — There  is  more  or  less  water  in  all  of  the  coarser  sand  beds 
of  the  Potomac  formation,  but  the  principal  supplies  ma}"  })e  expected 
from  the  sands  and  gravels  of  the  basal  members  lying  on  the  })asenient 
floor  of  crystalline  rocks.  This  horizon  has  yielded  much  water  about 
Washington,  Alexandria,  Quantico,  and  Walkerton.  It  is  probably  a 
strong  w^ater-})earer  throughout  a  wide  extent.  Its  general  relations 
are  shown  in  PI.  X. 

Water  occurs  at  various  horizons  in  the  Potomac  formation  above 
the  basal  beds  in  sands  interbedded  among  the  clays.  This  w^ater  !•< 
an  important  source  of  supply  in  the  District  of  Columbia  and  at 
Barrow,  near  Quantico,  but  elsewhere  it  has  not  been  full}'  tested. 

Pannmhy, — The  coai'se  gravel  and  sand  at  the  base  of  this  forma- 
tion appears  to  be  a  w^iter-bearer  throughout  a  considei*able  area,  fur- 
nishing supplies  at  Naylors  Wharf,  Chapel  Point,  Md., Colonial  Beach, 
Lester  Manor,  and  Whitehouse. 
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presented  the  same  sequence  that  is  found  in  Maryland.  Hie  Ch^a- 
peake  formation  extends  farther  westward  in  southern  Virginia  and 
often  overlaps  on  the  crystalline  rocks.  In  the  sections,  PL  X,  there 
are  shown  the  general  structural  relations  in  Virginia  so  far  as  they 
are  known.  The  Coastal  Plain  formations  that  outcrop  in  the  State 
are  as  follows: 

OoaMal  Plain  formaiions  in  Ftrgprnto. 


Fomiatioii. 

CluuacteristicB. 

Age, 

Columbia 

Loama,  sands,  and  gravels  in  terraces . . 

Orange  sands,  loams,  and  gravels 

Clays,  sands,  infusorial  earth,  and  marl. 
Glauconitic  marls  and  sands 

Pleistocene. 

T  Afayette 

Pliocene? 

CheBax>eake 

Miocene. 

Famnrikev 

Eocene. 

M.  mmmmm^mmmM^^j  .......... 

Potomac 

Sands,  sandstone,  and  clays 

Early  CretacBom. 

WATER  HOBIZONS. 

The  greater  part,  if  not  all,  of  the  Coastal  Plain  region  of  Virginit 
is  underlain  by  water-bearing  strata,  of  which,  to  the  east,  tiien 
are  several  horizons.  The  failures  to  obtain  the  higher  water  in  sodk 
of  the  wells  near  the  bay-indicate  that  in  this  area  at  least  there  an 
no  good  water  supplies  in  the  higher  horizons,  but  the  waters  of  th( 
lower  horizons  have  not  yet  been  fully  developed.  The  success  of  th< 
new  well  at  Fort  Monroe  definitely  proves  the  existence  of  one  of  thevse 
The  failure  of  a  single  well,  as  at  North  End  Point,  does  not  always  dis 
prove  the  existence  of  a  water  horizon,  for  in  many  instances  wate: 
has  been  passed  unnoticed,  or  willfull3%  by  well  borers. 

The  principal  water  horizons  in  eastern  Virginia  are  the  Chesapeake 
the  Pamunkey,  and  the  Potomac. 

Poto7nac. — There  is  more  or  less  water  in  all  of  the  coarser  sand  bed 
of  the  Potomac  formation,  but  the  principal  supplies  may  be  expectei 
from  the  sands  and  gravels  of  the  basal  members  lying  on  the  basemen 
floor  of  crystalline  rocks.  This  horizon  has  yielded  much  water  alx)U 
Washington,  Alexandria,  Quantico,  and  Walkerton.  It  is  probably 
strong  water-bearer  throughout  a  wide  extent.  Its  general  relation 
are  shown  in  PI.  X. 

Water  occurs  at  various  horizons  in  the  Potomac  formation  abov 
the  basal  beds  in  sands  interbedded  among  the  clays.  This  water  i 
an  important  source  of  supply  in  the  District  of  Columbia  and  i 
Barrow,  near  Quantico,  but  elsewhere  it  has  not  been  fully  tested. 

Pamunkey. — The  coarse  gravel  and  sand  at  the  base  of  this  formi 
tion  appears  to  be  a  water-bearer  throughout  a  considerable  area,  fui 
nishing  supplies  at  Naylors  Wharf,  Chapel  Point,  Md., Colonial  Beac4 
Lester  Manor,  and  Whitehouse. 


\ 
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The  meager  .supply  of  ««ter  in  the  Chy  Bank  well  and  the  failuiv 
^^f  the  deeper  borii^  at  Wiffiamsbur]^  and  Gloucester  pn>lmhly  iiuU- 
^^^t:e  the  eastern  limits  of  the  horizon  as  a  water-l>earer.  It  may 
— -defend  under  all  of  the  region  aouth  of  the  »lames  River,  althou>rh 
[>oiie  of  the  wells  appear  to  hare  been  hored  sufficiently  deep  to  ivueh 
^^-.  It  is  to  be  expected  that  toward  the  east  the  materials  at  this 
t^orizon  finally  become  too  fine-grained  to  carry  water,  and  the  eastern 
'^  i  t»it  of  conditions  farorable  for  water  bearing  appears  to  Ik»  at  Clay 
^i^nk,  on  York  River. 

Water  also  occurs  in  sands  in  the  Pamunkey  formation  alniut  5K) 
^^et  above  its  base,  as  is  indicated  by  the  water  at  h\0  feet  at  Colonial 
-^^ach,  and  at  275  to  325  feet  at  Naylors  Wharf;  hut  as  it  has  not  been 
^Virther  explored  by  other  wells,  its  extent  can  not  Ik*  discussed. 

Chesapeaktf. — Lying  between  the  clays,  marls,  and  tine  sands  of  the 
^^hesapeake  formation  and  the  top  of  the  Panumkev  formation  tluM*e 
^*^  a  series  of  sands  and  gravels  which  may  he  rejifurded  as  the  basal 
Vied  of  the  Chesapeake  formation.     Toward  the  east  this  seri(»s  eon- 
stains  thin  interstratified  rock  strata,  which  do  not  apjHMir  in  the  sur- 
face outcrops.      In  this  series,  and  in  another  similar  one  not  far 
^bove,  there  is  a  large  volume  of  water,  at   a  horizon   or   horizons 
"which  appear  to  be  of  wide  extent  in  eastern  Virginia.     These  waters 
lave  been  explored  by  many  wells  and  have  l)een  found  to  underlie  a 
l)elt  of  country  about  20  miles  wide  lying  east  of  a  nearly  straight 
line  extending  from  Mathias  Point,  on  the  Potomac  River,  to  Kmporia, 
on  the  Atlantic  Coast  Line  Railroad. 

liasal  Chesapeake  waters  were  apparently  absent  in  the  North  Knd 
Point,  Fort  Monroe,  Dendron,  Clay  Hank,  and  (iloueester  wc»lls.  The 
wells  at  Crisfield,  Md.,  found  no  appreciabh^  supply  of  water  in  the 
basal  Chesapeake  beds. 

There  are  several  higher  water  horizons  in  the  Chesapeake^  forma- 
tion, and  it  is  believed  that  certain  wells  at  Franklin,  Zuni,  Howlers 
Wharf,  and  Mount  Carmel  draw  water  from  Chesapeake  beds  that  li<» 
about  100  feet  above  the  base  of  the  formation. 

WELLS. 

The  occurrence  of  the  underground  waters  is  well  brought  out  by 
the  list  of  some  of  the  more  imi>ortiuit  wells  of  the  Coastal  Plain  pre- 
sented in  the  following  table.  It  will  be  not<»d  that  the  supply  p4»r 
minute  and  the  bed  from  which  the  water  is  obtained  is  indi(Mit4»d  in 
each  case. 
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Partial  fixl  of  dei^)  veils. 


LocHtiun. 


Depth. 


Alexandria  Brewcr>- 

Alexandria    Ice  | 
WorkH.  I 

Arrlngdale,  2  welln..: 


Ashland . 

Do... 

Barrow . . 


Belle vue,  2  well.s  . 

Bothwell 

Bowlers  Wharf  . . . 

Carters  Creek 

Clay  Bank 

Clifton,  2  wells . . . 


Coan,  8  wells 

Coan,  1  well 

Coles  Point 

Beach. 


5l 


Colonial 
wells. 

Courtland,  30  wells.. | 

Cowart j 

Ditchley 

Dendron 

Dudleys     Ferrv,     4  , 
wells. 

DynuT  Creek ■ 


F€d. 
430 
401 

7.5 

79 
100 
195 

212 
800 
143 
330 

538 
175 

270 

315 
220 
250 

160 
288 
G20 
3SG 
175 


FairiK>rt 

Fort  M<jnn>o 

Fort  Monrof.  Chani- 
berlin  Hotol.  1 

Frunklin.  1(1  wt-lls... 

(JalM'lsMill ' 

I 
(lloncostcr    (Nmrt 
House.  ' 


Honu'\v<MMl,  5  wells. 

.lamestown 

KiiiK  and  (.iiieeii 

Kinsak' 

Laiicasttrr 

Do 

I.K*slt'r.Maiior.:i  wells 

Lewisetta 

Little  Plymouth 

Monjtskou 

Monatico  Creek 

('a  rill  el 


Mount 
I'hureh 

Naylors.. 


907 
945 

VM 
220 
(*i<)0 


112 

24S 
200 
2:i^)  i 
2;')0  I 

200  I 

His  ' 


Size     Capacity  per 
^^^*-'  I       minute. 


In. 

8 
8 


250 
IW 


Gallon*. 

90 
20 

Flows  10 

Many. 
Many. 
Many. 

Flows  15  to  20 
20 


Flows  2 

Flows   10  to 
12. 

Flows  2i 
15 


30 

2  Flows  2 

111  Flows  2 

6  I  None. 

Ul  Flows  10 

i 


Flows  ■; 


I 


U  Flows  2 

None. 

Flows  50 


I 


n 

I 
ii| 


Many. 

Flows  20 

None. 

Flows  80 


1  i    Fair  supply. 


li 


Flows  2 

Flows  1 

5 

Flows  12 

Flows  12 

Flows  2 


Flows  : 
Flows  ] 


Flows  a 


Height 
to  which  I 
water    I 
rises. «   i 


Horizon. 


FtrL 


\ 


Ba.sal  Potomac. 


+10 


-44i  Granite? 

I  Granite 

I  In  Potomac  . 


+4  to  +C 

—7 

Flows. 

+12 

+4 

+4  to  +(J 

+  12 

+  12 

+  12 

+«to+15 


1 


+« 

+4  to  +6 


Ra-sal  Che.sajK'ake. 

Newark 

Chesapeake 

do 

Iia.sal  Pamunke>-?. 
do 


Ba.Hal  Chesapeake. 

do 

do 

Basal  Pamunkey  . 


Chesapeake? 

Basal  Chenapeake. 


Ha.4al  Chesapeake.. 

HHSii\  Pamunkey... 

liasal  Chesapeake.. 
I'«)toniae? 


Remarks. 


Soft  water. 

Poor  water  at  800 
f«iet. 

Slightly    alkaline 
water. 


No  water  below  113 
feet. 


Soft  water. 


Water  also  at  »0 
feet. 


Water  also  at  IGU 
feet. 


+  10  i <lo 

Flow.  ,  Chesapeake 

-10  I  Hjusal  C'hesai)eake 
,  I'amunkev? 


IJa.sal  Cliesap<*ake. 


f  2  i  Chesapeake 


J  :i.'»  I  Hasal  <*hesiipeake.. 
Hasnl  I'amunkev.'.. 

-j  15  I  Hasal  Chesap<*ake. . 
do 


t8to-tl2    Hiisjil  I'anuinkey?.. 

I  Hasiil  Chesapeake.. 

' do 

' «Jo 


+ 
+0 


+  45 


.do 


Chesiipeakt! 

Hasal  Pamunkey... 


Water  also  at   'liO 
and  4«;4  feel. 

Soft.  ff(KKl  watrr. 


Slightlv  saline  wil- 
ier. 


.Stopped  at  nuk 
stmt  urn. 

F"ine  water  51  \ 
Sulphumns  wh 
ter  at  27o  feet. 

Ferrug^inous  wit- 
ter. 

Fine  water  tkv  . 


Much  water  at  :W». 
feet. 


,  feet  alMive  the  surfa<"( 


,  feet  helow  the  surface. 


>N  ami  nM.LKR.] 


VIRGINIA. 


131 


Parl'uil  list  of  deep  wells — Continued. 


Location. 


astlc 

ortNews. 
Ik 


Ik,   Lambert 
It. 

3lk,    Money 
It. 
End  Point  .... 

prings 

"ock 


Depth. 


J»oint,  3  wells.. 

tnsNwe 

lence  Forge 

m  Bay,  2  wells, 
in  Bay,  1  well.. 

:ioo 

'd  Point 

tiond : 

if>er  mill 

lerwood  Park.. 

ierwoo<l  Park,  1 

mile  northea-Mt. 

inter' .s  farm 

,•  Point: 

estmoreland  I 
(bounty.  I 

lirfax  County.. 


«  Whnrf . 


pard's    ware- 
»e,  2  wells. 

Point 

lia  Beach 


erton,  2  wells .. 


Point,  200  wells.; 


Size. 


Feei.    I    In. 


187 

r^eoo 

147 
610 

562 

1,172 
•100 
140 

168 
200 
80 
215 
180 
350 
226 

400 

900  ' 
250  ' 


235 


235 
360 


+100 
70 

315 
260 
160 


Itons 250 

J  Hoiixe,  3  wells. ;  180-230 


imsburg  . 


mill  Point . 


876 
280 


430 
161 


U 


6? 


Cjipttcit  J-  p^T   to  wnlcb 
minute.      ,    wAWr 


FlowH  10 
MtJCh. 

Much. 

FlowN  10- W 
5 

Flows*  10-12 


Floirn  10-liE 
FluWB  Ift-n 

1 

Pair. 

None. 
None. 

SALlflfACiQiy. 


Flows  12-^ 
Flows  10-15 


FalrHiipplyH 
Flows  &^ 


AveTAge  VI 

Kone. 
Mntiy. 

FluwH  *1 


ite*. 


+2 


Hori*tin. 


Chesapeake  _ 

■  *,..dc 

.»,.do ,. 


-5 


-d^. 


Fototitw* . 


+4^1 

+4-fi 

FlowN. 


chenrtpeftke..,,... 

B*m\  Chem|)enlle. 
PoTomAP  „,..,-... 
Cht.fttipt.'ake  »*,,..* 
Eofoai  Chusapeake. 


Boml  PotomAC. 


li     Bissiil  ChewapeAltt*. 


Veiy  hud  waicrn 
9&ll&fe  water. 

Femiglnoiui     wa- 


14&4fl6    fe«t; 


fij 


+24 


+(Mi 


Gmultu  ,, „.   Surfspe    cnntaml- 

TLAlloD, 

—do... 
...do... 


*do. 


Ba»il  Chi3»peflJce^ 


BoihlL  Chesapeake. 
Pamunkey 


+4-6 


ATeraRC 

+2. 


+5^20 


Baaal  Chefiupeake.J 

ChtHia|H?ake , 

Tpper  Cht^iape&kt> . 

FoUMuac  *..,_*-**** 
CbeiapetLke  .,„..„ 
Basal  rhcHptTake. . 

BaAal  Cbesapeak^f 
Boflft]  ChL*eapeake., 

I'otjDinar  ..... . . 

Bftsiil  Chesap-^ke. » 

Near    to    biiKa] 
Chempeake. 

Chiftapeakc ........ 


Flinj  water. 


No  water  boloWflO 
feetj  FOck,  ISflh 
5Ciaieet> 

Water  also  at  20 


Femigluous     wa* 
tcr. 


Under  hard   nvk 

To    tup    of    rook 

Fiimtuiu. 


i 
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PIEDMONT  PLATEAU. 

The  Piedmont  Plateau  extends  from  the  Coastal  Plaiu  on  th< 
to  the  foot  of  the  Appalachian  Mountains  on  the  west.  Its  surf 
made  up  mainly  of  more  or  less  crystalline  igneous  or  luetamc 
rocks,  hut  is  marked  h3'a  number  of  basins  of  Triassic  shales  and 
stones. 

Over  the  greater  part  of  the  Piedmont  Plateau  the  uplanc 
smooth  and  rounded  and  the  streams  flow  near  their  heads  in  \ 
shallow  valleys.  In  their  lower  courses  the  streams,  especial 
larger  ones,  have  formed  deep  channels,  and  a  strongly  i-olling  t 
raphy  has  ))een  developed.  Toward  the  west  the  topography  n 
into  that  of  the  Appalachian  Mountain  ))elt. 

Crystalline  rocks, — The  crystalline  rocks  of  the  Piedmont  be 
deeply  weathered  at  the  surface  and  are  broken  by  numerous 
that  extend  to  considerable  depths.  As  in  similar  regions  elsev 
the  weathered  upper  portion  ever^^where  furnishes  supplies  foi 
low  wells.  Few  deep  wells  have  ))een  drilled,  but  it  is  probabI< 
moderate  amounts  of  water  would  be  obtained  in  a  considerabk 
centage  of  the  wells  sunk.  The  water,  however,  would  be  lik 
many  instances  to  be  rather  strongly  mineralized  and  unsuitah 
some  purposes.  Moreover,  because  of  the  uncertainty  of  the  pre 
of  joints  or  other  water-bearing  fissures  in  the  rock,  the  occurrei 
nonoccurrence  of  water  in  a  well  at  a  given  locality  can  seldo 
predicted. 

7/vWsvV"  VfH'l's. — The  Triassic  rocks  consist  of  a  series  of  shak 
sandstones,  with  a  few  coals,  etc.,  occupying  basin-like  depressio 
the  Piedmont  Plateau.  Moderate  or  small  supplies  of  water  are 
erally  obtained  by  the  shallower  wells.  Deeper  wells  w^ould  pro 
obtain  considerable  amounts  in  many  instances,  although,  as  in 
Triassic  areas,  the  waters  are  likely  to  be  mineralized.  Strong  sp 
occur  along  certain  of  the  faults  which  cut  this  area,  and  it  i 
improbable  that  flowing  waters  could  be  obtained  in  some  localit 

APPALACHIAN  MOUNTAIN  BELT. 

The  term  Appalachian  Mountain  })elt  is  used  in  a  broad  w; 
include  the  entire  b(^lt  of  folded  rocks  lying  between  the  Pied 
Plateau  and  tlie  Cuniherland  and  Alh^gheny  plateaus  of  West  Vii 
and  Pennsylvania.  Tlie  rocks  are  of  Cambrian,  Silurian,  and  Dev 
age,  and  include  (juartzites,  sandstones,  shales,  and  limestones, 
the  eastern  limits  of  the  belt,  sc^parated  from  the  Piedmont  Plate 
only  a  narrow  strip  of  folded  rocks,  is  tlie  Shenandoah  Valley. 
valley  is  underlain  by  Cambro-Silurian  limestones. 

The  Appalachian  Mountain  belt  is  in  general  thinly  inhabite 
contains  few^  wells.     Springs  abound  and  constitute  the  main  s 
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)f  supply  of  the  inhabitants.  The  quartzites  carry  very  little  water 
n  their  denser  portions,  although  springs  of  considerable  size  sonie- 
imes  issue  from  their  more  porous  parts.  The  springs  of  the  shales 
ire  numerous,  but  are  generally  small.  In  the  limestone  area  of  the 
Shenandoah  Valley^  a  region  which  is  relatively  thickly  inhabited, 
lependence  is  placed  largely  on  cisterns,  the  waters  of  the  limestone 
jeing  of  uncertain  occurrence.  Neaf  the  borders  of  the  limestone 
irea,  however,  springs  occur  at  some  places,  and  it  is  probable  that 
ieep  wells  would  often  procure  good  supplies  at  these  localities,  but 
is  the  water  sometimes  occurs  in  definite  underground  channels  suc- 
cessful wells  would  not  always  be  obtained  at  such  places. 

The  waters  of  many  of  the  springs  of  the  higher  portions  of  the 
Ippalachian  belt  are  warm,  and  at  a  number  of  places  the  springs  have 
leen  developed  as  resorts.  At  other  springs  the  waters  are  bottled 
nd  sold  for  medicinal  purposes.  The  association  of  these  springs 
rith  anticlines  was  long  ago  pointed  out  by  W.  B.  Rogers.  It  is  not 
11  probable  that  here,  as  in  other  regions,  in  some  instances  the  loca- 
ons  of  the  springs  were  determined  by  faults. 

CUMBERLAND  PLATEAU. 

The  nafflfe  Cumberland  Plateau  is  applied  to  the  elevated  area  of 
larboniferous  rocks  lying  northwest  of  the  Appalachian  Mountain 
elt.  Only  a  small  pail;  of  this  area  is  included  in  Virginia,  and  that 
es  in  the  extreme  western  part  of  the  State.  The  underground  water 
applies  of  this  region  are  like  those  of  the  portion  of  the  plateau 
icluded  in  Pennsylvania  and  Maryland.  Practically  no  deep  wells 
ave  been  sunk,  but  it  is  probable  that  such  wells  if  put  down  would 
btain  water  from  some  one  of  the  more  sandy  beds.  It  might  even 
ise  to  the  surface  in  synclines  or  other  favorable  situations.  Springs 
re  fairly  numerous,  but  small. 

COMMERCIAI.  SPRINGS. 

During  the  year  1902  sales  of  water  were  reported  from  48  springs, 
Deluding  representatives  from  each  of  the  geologic  divisions  except 
lie  Cumberland  Plateau.     These  are  as  follows: « 

*  ^tna  Lithia  Springs,  Roanoke,  Roanoke  County. 

*  Augusta  White  Lithia  Spring,  near  Augusta  Springs. 

*  Basic  Lithia  Spring,  Basic  City,  Augusta  County. 

*  Bear  Lithia  Springs,  near  Elkton,  Rockingham  County. 
t  Beaufont  Lithia  Spring,  Beaufont,  Chesterfield  County, 
t  Bellfont  Spring,  near  Manchester,  Chesterfield  County. 

t  Berry  Hill  Mineral  Spring,  near  Elk  wood,  Culpeper  County. 

*  Blue  Ridge  Springs,  Botetourt  County. 

t  Buffalo  Lithia  Springs,  Buffalo  Lithia  Springs,  Mecklenburg  County. 

«Peale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  IT.  S.  Qeol.  Survey,  1904,  p.  996. 
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tCSuifie  Qty  Mineral  Springs,  Chase  City,  Ut^kliniliarK  C'oritit)r. 

t Como  lithia Spring,  East  Richmond,  Henrico  County. 

tCcqppahamik  lithia  Amenic  8|Hrii^g8»  near  WaveHy,  Hium^x  Ooimiy 

•Cove  lithia  Spring,  Wytheville,  Wythe  Caiuit>. 

*Or«ig Healing  Spring,  Vista  CnJg,  Crug  County. 

*Crod[ett  Aisenic  Lithia  Spring,  Shawsrille^  Uoat^gommy  Oomttsr. 

Diamond  Spring,  Noriolk  Coonty. 
t  Erap  Mineral  Spring,  near  Glen  Carlyn,  Alexandria  Ccnnity. 
tFtanville  lithia  Springs,  Comberland  Comity,  near  Famiidlle^  Fri 

Edward  Comity, 
t  Fontioello  lithia  Spring,  Chesterljeld  Coonty,  near  RichmoiicL 
•Golindo  lithia  firings,  Weyers  C^ve,  Aognsta  Comity. 
t  Harris  Anti-Dyspeptic  and  Tonic  Spring,  Bnrkevilie,  Nottoway  Coonty. 
•Healing  Springs,  Healing  Springs,  Bath  Coonty. 
t  HoQston  Lithia  Spring,  Hooston,  Haliiaz  Coonty. 
t  Home  Springs,  St  Elmo,  Alexandria  Coonty. 

*  Hooter's  Polaski  Alum  Springs,  Walkers  Creek,  Polaski  County. 
t  Jelfress  Lithia  Silica  Springs,  Jeffress,  Mecklenboi^  poonty. 

'  *  Jordan  White  Solphor  Spring,  Stephenson,  Frederic^  Coonty. 
tLone  Ja^  Spring,  Candless  Moontain,  Campbell  Coonty. 
t  Magee's  Chlorinated  Lithia  Springs,  Clarksville,  Mecklenboi^g  Gbonty. 
t  Massanetta  Springs,  Harrisonboig,  Bockingham  Coonty. 
•Montvale  Hygeia  Spring,  Montvale,  Bedford  Coonty. 

*  Nye  Lithia  Sjurings,  Wytheville,  Wythe  Coonty. 

*  O'Connell  Lithia  Spring,  near  Striblii^  Springs,  Aogoste  Oooilly. 
tOtterbom  lithia  and  Magnesia  Springs,  Amelia,  Amelia  Comity. 
t  Ffteonian  Spring,  Paeonian  Springs,  Loudoon  Coonty. 

t  Pontiac  (formerly  Powhatan)  Spring,  near  Falls  Church,  Alexandria  CbnnI 
t  Powhatan  Lithia  and  Alum  Springs,  near  Tobaccoville,  Powhatan  Countj. 

*  Rockbridge  Alum  Springs,  Alum  Springs,  Rockbridge  County. 

*  Rubino  Healing  Lithia  Springs,  Healing,  Bath  County. 

*  Seawright  Magnesian  Lithia  Spring,  near  Staunton,  Augusta  County. 

*  Seven  Springs,  near  Glade  Spring,  Washington  County. 

*  Shenandoah  Alum  Springs,  near  North  Mountain,  Shenandoah  County. 
t  Sublett's  Lithia  Spring,  near  Danville,  Pittsylvania  County. 

t  Swineford*8  Arsenic  Lithia  Springs,  Osceola,  Chesterfield  County. 

*  Virginia  Magnesian  Alkaline  Springs,  near  Staunton,  Augusta  County. 

*  Virginia  Waukesha  Lithia  Springs,  Staunton,  Augusta  County. 

*  Wallawhatoola  Alum  Springs,  near  Millboro  Spring,  Bath  County. 
t  Wolf  Trap  Lithia  Springs,  Wolf  Trap  Depot,  Halifax  County. 

Of  these  only  the  Diamond  Springs  of  Norfolk  County  appear  to 
in  the  Coastal  Plain.  Of  the  remainder  those  marked  *  are  in  i 
Mountain  belt,  while  those  marked  f  are  in  the  piedmont  belt 
total  output  for  1902  was  2,442,398  gallons,  having  a  value  of  $423,SI 

PRINCIPAL.  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  GeoL  Sort 

No.  32,  pp.  54-68. 
Artesian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  B 

U.  S.  Geol.  Survey  No.  138,  pp.  162-190. 
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"X.  jPreliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton: 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  p.  60. 
-*->^^siir»,      ^Description  of  the  Fredericksburg  quadrangle,  Maryland  and  Virginia,  b} 
Darton:  Geol.  Atlas  U.  S.,  folio  13,  U.  8.  Geol.  8ur\'ey. 
Description  of  the  Nomini  quadrangle,  Maryland  and  Virginia,  by  N.  H. 
a3«rxr_  Geol.  Atlas  U.  S.,  folio  23,  U.  S.  Geol.  Survey. 

Description  of  the  Washington  quadrangle,  Maryland,  District  of  Columl 
Virginia,  by  N.  H.  Darton  and  A.  Keith:  Geol.  Atlas  U.  S.,  folio  70,  U.  i 
rT3i-5-^-^  Survey. 

Description  of  the  Norfolk  quadrangle,  Virginia  and  North  Carolina,  by  N.  '. 
L  ton:  Geol.  Atlas  U.  S.,  folio  80,  U.  S.  Geol.  Survey. 
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NORTH  CAROLINA. 


By  M.  L.  FoiUBR. 


Ill  North  CarolinB  only  two  of  the  geo^iphic  and  tojKiy;nipliic  hi 
recx>gniKed  in  Virginia  are  extensively  devc^loped-  Theee  an?  i 
Coastal  Plain  and  the  Piedmont  Plateau.  That  part  of  tho  Ajp\4 
clifam  Mountain  belt  which  consi^t^  of  folded  sex^inietitary  nM 
present  only  in  the  extreme  western  portion  of  the  Stat4.%  The  1^ 
mont  Plateau,  however^  becomes  in  this  State  moitiitatnous  nj 
approaches  the  former  belt  and  topographically  gi'ades  more  or  l| 
imperceptibly  into  it.  The  Cumberland  Plateau  is  not  ix'pre.HeD£e4j 
the  State. 

COABTAXi  FIaAIN.^ 

The  geology  of  the  Coastal  Plain  in  North  Carolina  differs  fniind 
of  Virginia  principally  in  the  reappmrancc  of  the  itiarioe  Cretaciw 
beds,  which  thicken  rapidly  and  ri?^o  to  tide^water  level  and 
nearly  as  far  cui<t  n^  Wilmington.  The  Eocene  formation  thinj^  m 
whatf  and  in  the  southern  counties  lies  almost  entirely  above  tiilt  N 
on  an  in^gular  fltK>rof  marine  Cretaceouasiuidsand  marls* 

The  Chesapeake  beds  thin  rapidly  southward,  and  lie  mostly  st 
tide  level  in  shallow  basins  on  the  Eocene  or  marine  Cretaceous 

The  Potomac,  the  mojst  important  water-hearing  fonnation  of 
Coaatal  Plain  region,  is  l)est  developed  along  the  western  bnrde^J 
this  region  in  the  counties  southwe^^t  of  the  Neune  River— Hani* 
Mooro^  and  Richmond*  In  these  coiuities  the  Potomac  strate 
exposed  at  intenals  over  a  considemble  area;  and,  dipping 
southeastward  on  the  eroded  surface  of  thcttrysfalline  rocks^  doubfl 
carry  considerable  quantiticH  of  water.  The  Potomac  formation 
reaches  the  surface  over  limited  areas,  l»oth  north  and  south  of  Uom 
River  aliove  Weldon,  and  there  are  also  outcrops  of  the  forntatiool 
intervals  between  the  Roanoke  and  Ncusc  rivei-s,  hut  in  this  regiopi 
exposed  areas  of  the  formation  are  far  less  extensive  than  iK'tw^^n 


<iQ(Mnpiled  tfom  netmoii.  A*  aolmes pubU«h«d  in  BulL  U-  U.  tiwL  Survey  i^^  nta.  imm,  i^X 
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and  the  Pedee,  and  consequently  the  underground  water  sup- 
elow  the  Tertiary  marls  of  the  counties  between  the  Neuse  and 
kc  will  probably  prove  to  be  less  abundant  than  in  the  more 
rly  counties. 

general  geologic  structure  of  the  Coastal  Plain  in  North  Car 
s  indicated  in  the  accompanying  section  by  Professor  Holmes, 


CnKvs  .section  of  the  Coastal  Plain  region  in  North  Carolina,  from  near  Sanford  to  the  coaAt 
ilmington.  A,  crystalline  schists;  B,  Potomac  sand,  arkose,  and  clays;  C,  marine  Cretaceous 
Diarls,  etc.;  D,  Tertiary  marls  and  shell  rock  (Eocene  and  Chesapeake);  £,  Lafayette  and 
ng  Columbia  formation.    Vertical  scale  greatly  exaggerated. 

not  yet  possible  to  present  a  review  of  the  water  horizons  or  of 
'11  prospects  in  the  State,  but  the  following  partial  list  of  wells 
the  results  obtained  by  drilling  at  a  considemble  number  of 


Partial  lid  of  rleep  wcUm  in  the  Coastal  Plain  region  of  North  Carolina. 


locality. 

County. 

Depth.                               Remarks. 

I  City,  10  wells 

Pn.«<4juotank 

Chowan 

Feet.     ' 

64  '  Flow  15  gallons  each;  water  hard  and 
j      sulphurous. 

840  j  No  water. 

Bcriie 

180  '          Do. 

ton 

Beaufort 

140     Wfttcr  nnl  vi>rv  HAtiiifRntiirv  in  minlilv 

do   

100 
360 
215 
300 

50-75 
'205 

Do. 

do 

No  water 

c 

do 

Flows  50  to  60  gallons. 

Flows   15  gallons  of  sulphurous  water; 
water  also  at  120  feet. 

Yields  10  galWms  of  unsatisfactory  water. 

PiinitiM    15    iTHlliinfl  rif    finr*    wntiir-    wat«>r 

y  Lumber  I'o 

do 

iding 

Washington 

Hyde 

1      also  at  85  feet. 

afort  . 
rter . . 


.do . 
.do. 


.do. 


,  3  wells do  . 


I 


.do  . . 

do.. 

('rav<'n  . 

d.».. 

do.. 


Lumt>erCo ,  Pamliro  . 

j  Carteret  . 

ille.  Swells I  Onslow.. 


115 

Flows;  water  sulphurous. 

aio 

FI<»ws  a  grjixl  supply  of  fine  water  from 
depth  of  ab<MJt  86  feet 

130 

Flows  goo<l  water. 

100,  ir,o. 

and  1% 

Satisfactrjr}'  water. 

212 

Flows  gfKxl  water. 

ZV) 

Flows. 

:}50 

Pninfv^  g(¥Kl  water. 

TjO 

!>«>. 

90 

Do. 

•JO 

I^mpN  very  hard  water. 

200 

Flows  sulphoxoos  water. 

160  1 

Da 
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LooUlty. 

County. 

Depth. 

Remarks. 

TuImmd 

do 

75 
82 
160 
218 
2004 
125 
266 
115 
57 

Flows  2  gallons. 

Do 

Pumps. 

Do 

do 

Do. 

Do 

do 

Flows. 

GraoiTllle 

Pitt 

Water  obtained,  hot  pipe  filled  with  nwL 
Hard  water. 

Wllmi  Cotton  Mills 

Wilson 

Wayne 

Quantity  and  quality  saltsfarlnry. 
Pipe  flUed  with  qnlcksHid. 
Flowing  well. 

Klmton 

Lenoir 

LurimiMe  (5  miles  south) 

do 

Wsnaw 

Duplin 

In  progesB. 

Pender 

100 
175 

Water  to  near  snrfsoe;    quantity  sal 
8tn|q[>ed  in  quieksand. 

UmpanA 

do 

yinfifliMl. 

Columbus 

do 

6S 
225 

Flows  4  gallons. 

Do 

Water  nearly  to  smfsoe. 

Wilmliurtoo 

New  Hanover 

do 

495 

84-100 

400 

Wllmlnirtm,  t^^llt 

Pump  400  gallons  each  of  good  water. 
8^1on   flow  of  good  water  firan  W 

do 

PIEDMONT  PliATEAU, 

Hie  Piedmont  Plateau  lies  between  the  Coastal  Plain  and  the  folded 
mountain  belt,  as  in  Vii^nia.  The  rocks  are  crystalline  (igneous  or 
metamorphic),  and  are  characterized^  by  basins  of  Triassic  shales  and 
sandstones  similar  to  those  in  Virginia. 

The  topography  is  much  the  same  a,s  in  Virginia,  excx^pt  that  it  is 
more  rugged  in  the  western  portion  next  to  the  mountains.  The 
crystalline  rocks  are  even  more  weathered  than  in  Virginia  and  are 
similarly  broken  by  joints.  Water  in  small  to  moderate  amounts  could 
probably  be  obtained  almost  anywhere  within  this  belt,  although  large 
supplies  are  not  to  be  looked  for.  It  would  rarely,  if  ever,  rise  to  the 
surface,  and  is  likely  to  be  mineralized.  The  waters  of  the  springs  of 
the  belt  contain  large  amounts  of  mineral  matter  and  are  extensively 
used  for  medicinal  and  table  purposes. 

The  Triassic  rocks  are  somewhat  similar  to  those  in  Virginia,  and 
doubtless  carry  considerable  water  in  their  more  porous  beds.  Very 
few  deep  wells,  however,  have  been  sunk  in  the  Triassic  areas. 

APPAIiACIIIAN  MOUNTAIN  BEI.T. 

As  has  been  indicated,  only  a  part  of  the  Appalachian  Mountain  belt 
lies  within  the  State  of  North  Carolina.  The  rocks  represented  are 
more  metamorphic  than  those  in  the  States  previously  described,  and 
are  frequently  crystalline  or  semicr^^stulline.  A  few  of  the  less  meta- 
morphic rocks  also  occur.    The  mountain  belt  in  this  State  is  relatively 
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inaccessible  and  very  thinly  inhabited.  The  numerous  springs  which 
(K^cur  throughout  the  belt  form  practically  the  entire  source  of  water 
supply  of  the  inhabitants. 

MINEUAT.  SPRINGS. 

Tlie  important  mineral  springs  of  North  Carolina  are  located  on  the 
Piedmont  Plateau.  Of  the  10  springs  that  report  sales  of  water  in 
VM)2  only  1 — the  Seven  Springs  of  Wayne  County — is  in  the  Coastal 
Plain.     The  following  is  a  list  of  these  springs: " 

Alkalithia  Spring,  Alkalithia  Springs,  Alexander  County. 

Barium  Rock  Spring,  Bariuin  Springs,  Iredell  County. 

Jackson  Springs,  Jackson  Springs,  Moore  County. 

Lemon  Springs,  Lemon  Springs  Station,  Moore  County. 

Mida  Spring,  near  Charlotte,  Mecklenburg  County. 

Panacea  Springs,  near  Littleton,  Warren  County. 

Park's  Spring,  Caswell  County,  near  Danville,  Va. 

Seven  Springs,  Sevensprings,  Wayne  County. 

Thompson  Bromine  Arsenic  Springs,  Crumpler,  Ashe  County. 

Va<le  Mecum  Spring,  Vade  Mecum,  Stokes  County. 

The  total  (|uantity  of  water  sold  in  liK)2  is  given  as  104,4(M)  gallons^ 
having  a  value  of  ^18,795. 

PRIXCIPAL  PUKL.1CATION8. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  (ieol.  Survey  No. 
32.  pp.  74-78. 

Artesian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton 
[North  Carolina,  by  J.  A.  Holmes]:  Bull.  V.  S.  Cieol.  Survey  No.  m,  pp.  190-207. 

Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  2,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  20. 

Water  resources  of  the  Cowee  and  Pisgah  quadrangles.  North  Carolina,  l)y  H.  S. 
Gale:  Water-Supply  and  Irrig.  Pajier  U.  S.  Geol.  Sur\'ey  No.  110,  pp.  174-176. 


a  Peale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  S.  Geol.  Survey,  1U04,  p.  906. 
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SOUTH  CAROLINA. 


By  L.  C.  Glenn. 


SUBDIVISIONS. 

South  Carolina  is  divided  by  a  lino  running  northeastward  from 
Augusta,  Ga.,  through  Columbia,  Camden,  and  Cheraw,  S.  C,  into 
a  Coastal  Plain  portion  to  the  southeast  and  a  Piedmont  FlateaQ 
portion  to  the  northwest  The  Coastal  Plain  region  is  flome- 
what  the  larger  of  the  two  divisions  and  consists  geologically  of  inter- 
stratified  beds  of  sand,  clay,  and  marl  of  Cretaceous  or  later  age  thil 
are  as  yet  mostly  unconsolidated.  The  Piedmont  Plateau  region  con- 
sists geologically  of  crystalline  rocks  whose  exact  age  is  unknown, 
although  they  are  thought  to  be  largely  Archean  or  Algonkim. 
Because  of  this  difference  in  their  geology  the  water  supplies  and 
water-supply  problems  of  the  two  sections  of  the  State  differ  widely 
.  in  their  nature.     Each  section  will  be  considered  separately. 

The  climatic  factors  affecting  the  water  supplies  are  simple 
and  may  be  briefly  stated.  The  annual  rainfall  varies  somewhat  from 
year  to  year,  but  averages  about  50  inches  and  is  almost  uniformly 
distributed  over  the  State.  Autumn  is  the  dryest  of  the  seasons, 
receiving  2  or  3  inches  less  than  Its  normal  proportion  of  the  rain- 
fall, and  in  consequence  streams  are  iLsually  lowest  in  the  late  fall. 
Winter  receives  2  or  3  inches  more  than  it«  proi)oi*tion.  The  streams 
of  the  Coastal  Plain  are  never  frozen  over.  During  severe  wintci*s  itv 
may  occasionally  form  on  streams  in  the  inner  part  of  the  Piedmont 
region,  but  it  lasts  only  a  few  days  at  a  time  and  never  ])ecomes  thick 
enough  to  interfere  with  the  utilization  of  the  streams  for  water  power. 

C;EOrX)GY   AXD    WATER    SUPPIiY. 

PIEDMONT  PLATEAU. 
(JENKKAL   FEATURES. 

(//fffmfffr.—Y'wwiHl  broadly  the  Piedmont  Plateau  is  essentially  a 
plane  surface  with  an  average  elevation  along  its  outer  or  southeastern 
edge  of  500  feet.  It  rises  gently  to  the  northwest  to  an  average  ele- 
vation of  1,000  feet  along  its  inner  edge.  Bciioath  this  general  sur- 
face the  main  streams  which  How  southeastward  liave  incisijd  their 
courses  50  to  150  feet,  and  with  their  many  tributaries  have  sculptured 
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it  into  a  gently  rolling  plateau  that  breaks  into  hills  near  the  njain 
drainage  ways. 

Rocks. — The  rocks  of  the  Piedmont  Plateau  consist  of  highly  meta- 
morphosed gneisses  and  schists,  cut  by  granites  and  later  intersected 
by  many  dikes,  chiefly  of  diabase  and  presumably  of  Newark  age. 
The  gneisses  and  schista  are  regarded  as  pre-Cambrian  in  age.  They 
liiive  suffered  such  profound  and  repeated  metamorphism  that  in  very 
many  cases  their  original  character  has  been  lost.  Original  bedding 
planes,  if  any  ever  existed,  have  been  obliterated  and  planes  of  schis- 
tosity  have  been  developed  that  have  prevailingly  a  northeast-southwest 
strike  and  steep  dips  that  range  between  southeast  and  northwest.  In 
a  few  places  narrow  broken  l>elts  of  crystalline  limestone  or  of  meta- 
morphosed conglomerates  indicate  original  sedimentary  beds. 

The  granites  are  prevailingly  coarsely  crystalline  to  porphyritic, 
though  some  areas  are  of  fine  and  uniform  grain.  They  were  intruded 
at  various  periods,  all  of  which  were  probably  pre-Cambrian,  and  have 
since  been  exposed  at  the  surface  by  long  and  profound  erosion,  for 
it  seems  highly  probable  that  the  Piedmont  Plateau  has  been  a  land 
surface  since  early  Paleozoic  time. 

Residiial  soil  inantle. — During  all  this  time  the  disintegration  and 
weathering  of  the  crystalline  rocks  of  the  plateau  has  been  in  progress. 
During  most  of  the  time  the  solid  rocks  have  been  covered  with  a 
blanket  of  weathered  material,  which  has  at  certain  periods  of  uplift 
been  largely  removed  to  furnish  material  to  build  the  Coastal  Plain.  At 
present  a  blanket  of  disintegrated  material  50  to  150  feet  thick  over- 
lies the  solid  rock  over  practically  all  of  the  Piedmont  region.  Much 
of  this  disintegrated  material,  especially  near  the  surface,  is  a  very 
fine-grained  red  clay,  that  makes  the  Piedmont  streams  a  muddy  red 
or  yellow  color. 

WATER  SUPl'LIES  OF   PIEDMONT  PIJ^TEAU. 

Effect  of  residnul  mantle, — The  residual  mantle  plays  an  important 
role  in  relation  to  the  water  supply  of  the  Piedpont  region,  for  much 
of  the  rainfall  is  absorbed  by  it  and  held  to  be  fed  out  gradually  to 
springs  and  streams,  thus  making  the  stream  flow  more  uniform  than 
if  the  undisintegrated  crystallines  reached  nearly  to  the  surface.  The 
main  streams  of  the  region  have  cut  down  through  this  blanket  of  dis- 
integrated material  to  the  solid  rock  beneath,  which  often  shows  in 
exposed  ledges  along  their  courses.  Many  of  their  tributaries  have 
cut  narrow  valleys  far  back  into  the  interstream  area. 

Springs. — Along  the  sides  of  the  valleys,  large  and  small,  are  found 
many  unfailing  springs,  whose  waters  are  usually  free  from  mineral 
impurities  of  any  kind.  In  the  early  settlement  of  the  Piedmont 
region  of  South  Carolina  these  springs  w^ere  imiversally  used  for 
household  water  supplies.     Wells  and  cisterns  were  uukxvov^\>k..    T^^ 
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pioneer  built  his  house  near  some  bold  spring,  very  often  seliectnig  t 
site  on  the  hill  slope  or  down  in  the  small  valley  itself.  Springs  tfav 
determined  the  location  of  the  homes  of  the  first  settlers  and  for  yean 
continued  to  furnish  practically  the  only  water  supply.  They  are 
used  in  very  many  cases  to-day,  and,  in  spite  of  the  clearing  of  the  land 
and  the  comparatively  thick  settlement  of  the  country,  have  not  failed 
or  become  polluted  by  man's  presence,  but  they  are  still  safe  and  satis- 
factory sources  of  domestic  water  supply. 

There  are  a  number  of  well-known  mineral  springs  in  the  Piedmont 
region,  at  some  of  which  hotels  with  good  aoconmiodations  have  long 
enjoyed  wide  popularity  as  sununer  resorts.  Hie  waters  of  these 
springs  generally  contain  sulphates  and  carbonates  of  calciom,  mag- 
nesium, sodium,  and  potassium.  Some  contain  lithia  and  some  are 
chalybeate. 

The  following  springs,^  all  located  within  the  Piedmont  Platean, 
reported  shipments  in  1903: 

Buffalo  Lick  Bprings,  near  Oarlisle,  Union  Goonty. 
Chick  Springs,  near  Taylor  Station,  Greenville  Coonty. 
Ciokesbary  Mineral  Spring,  Ck>ke8bary,  Greenwood  Comity. 
Garrett  Mineral  Spring,  Spartanbaiig,  Spartanbuiig  County. 
Glowing  Spring,  near  Oalhoan  Falls,  Abbeville  County. 
Harris  Lithia  Spring,  Harris  Springs,  Laurens  County. 
Rives  Mineral  Spring,  Lancaster,  Lancaster  County. 
West  Springs,  West  Springs,  Union  County. 
White  Stone  Lithia  Spring,  Spartanbui^g,  Spartanbui>i:  County. 

The  aggregate  amount  of  water  sold  is  stated  as  259,706  gallons,  with 
a  value  of  $76,525. 

Open  wdls. — With  increasing  wealth  and  culture  there  came  a 
demand  for  better  building  sites,  and  houses  began  to  be  erected  back 
on  the  nearly  level  interstream  uplands  remote  from  springs,  and  the 
digging  of  open  wells  was  begun.  These  open  wells  furnish  the  greater 
part  of  the  water  supply  of  the  Piedmont  region  to-day.  In  some 
cases  pure  soft  water  is  obtained  before  solid  rock  has  been  reached; 
in  others  water  is  obtained  just  on  top  of  the  solid  rock,  while  in  still 
others  it  is  occasionally  necessary  to  go  into  the  solid  rock  some  dis- 
tance to  a  water-bearing  seam.  The  wells  of  the  Piedmont  region 
range  from  40  to  70  feet  in  depth,  and  they  usually  have  from  5  to  10 
feet  of  water,  and  rarely  fail  during  dry  seasons.  The  disintegrated 
material  through  which  they  are  dug  is  not  firm  enough  to  be  left 
unwalled,  so  that  a  curbing,  usually  of  loose  stone,  is  put  in.  In  many 
cases  not  enough  attention  is  paid  to  sanitary  precautions,  but  as  the 
water  entering  the  well  under  the  usual  circumstances  filters  down 
through  a  considerable  thickness  of  sand  and  clay,  it  is  largely  though 
not  entirely  protected  from  contamination.     Occasionally  one  finds  a 
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>K>red  well  of  8  or  10  inches  in  diameter,  though  the  dug  well  is  far 
more  common.  These  bored  wells  diflFer  from  the  dug  ones  chiefly  by 
being  cheaper  to  sink,  but  they  are  more  difficult  to  clean  out. 

Deep  wMs. — Aside  from  the  streams  of  the  region  the  only  possible 
source  for  considerable  water  supplies  is  the  subsurface  waters.  The 
presence  of  granites  and  crumpled  gneisses  and  schists  in  the  region 
precludes  the  hope  of  securing  deep  artesian  waters,  for  the  structure 
of  such  rocks  is  unfavorable  to  artesian  conditions. 

Some  Piedmont  towns,  however,  moved  by  the  idea  that  they  could 
get  artesian  waters  if  they  only  bored  deep  enough  have  dialled  wells 
several  hundred  feet  into  the  crystalline  rock,  and,  except  in  very  few 
cases,  have  been  rewarded  with  supplies  of  water  that  have  risen  to  a 
height  coinciding  with  the  level  of  the  ground-water  surface  in  the 
rocks  around  the  well,  but  such  supplies  are  not  artesian.  The  rocks 
of  the  region  are  traversed  by  seams  and  fissures,  which  everywhere 
below  the  ground- water  level  are  filled  with  water.  The  deeply  drilled 
hole  has  cut  across  enough  such  fissures  to  obtain  a  large  supply  of 
water  for  the  pumps,  yet  this  water  is  derived,  not  from  a  great  depth 
nor  from  a  long  distance,  but  from  the  great  lx)dy  of  ground  water  near 
the  surface  and  immediately  around  the  well.  If  the  fissures  in  the 
solid  rock  are  very  numerous,  the  area  supplying  the  water  is  an 
inverted  cone  whose  apex  is  the  lowest  point  of  entrj"  in  the  bore  hole 
and  whose  base  is  a  large  circular  area  of  the  ground-water  surface 
around  the  well  mouth,  and  only  one,  two,  or  three  score  feet  beneath 
the  surface  of  the  town,  with  its  innumerable  sources  of  pollution  of 
every  kind.  If  the  well  is  supplied  by  only  one  fissure  or  by  a  very 
few  fissures,  they  must  be  correspondingly  larger  and  furnish  more 
direct  and  easy  lines  of  flow  to  the  well.  They  may  extend  almost 
uninterrupted  nearly  up  to  the  surface  and  furnish  a  direct  channel 
for  surface  waters  to  enter  the  well. 

The  amount  of  water  that  can  be  pumped  from  such  wells  is  usually 
large  and  analyses  made  when  the  well  is  first  completed  have  shown 
a  good,  pure,  clear,  and  usually  soft  water,  well  adapted  to  almost  any 
purpose.  But  while  at  first  such  deep  wells  may  be  protected  from 
contamination  by  the  surface-soil  layer,  which  acts  as  a  filter,  and  the 
water  may  be  pure  and  wholesome,  yet  they  are  very  apt  sooner  or 
later  to  become  contaminated.  (Constant  pumping  from  them  soon 
causes  the  indrafts  supplying  the  water  to  open  better  channels 
through  the  fissures  and  allows  more  direct  ingress  of  waters  from  the 
surface.  These  channels  sooner  or  later  are  able  to  carry  surface 
contamination  directh'  into  the  well.  Such  deep  wells  are  therefore 
at  best  open  to  gi*ave  suspicion  and  constantly  need  careful  watching. 
This  need  is  all  the  more  necessary  because  of  the  fancied  security 
given  by  the  very  favorable  analysis  of  the  water  when  first  used. 
Such  careful  watching  will  usually  result  in  the  condemnation  aad 
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dosing  of  the  well  in  a  few  years,  especially  if  the  town  be  of  consid- 
emble  size,  so  that  there  is  furnished  to  the  soil  a  large  amount  of 
contaminating  organic  material.  A  well  of  this  kind  drilled  over  2,(KK) 
feet  deep  in  Atlanta,  Ga.,  some  years  ago,  which  at  first  furnished  a 
large  amount  of  acceptable  water,  was  ordered  closed  b}^  the  board  of 
health  after  a  few  years'  use  because  of  sewage  pollution. 

At  Chester  the  first  deep  well  sunk  into  the  cr3'stalline  rocks  failed 
to  strike  a  single  fissure,  but  was  drilled  perfecth'  dry  500  or  000  feet 
into  a  solid  mass  of  porphyritic  diorite.  It  was  abandoned  and  a  sec- 
ond attempt  was  made  in  another  part  of  the  town  that  was  successful 
in  striking  a  water-bearing  fissure  at  404  feet.  A  failure  may^  at  any 
time  result  from  deep  drilling  in  the  crystallines,  though  as  a  general 
rule  fissures  are  abundant  enough  to  make  it  reasonably  certain  that 
water  will  be  obtained  in  such  wells  at  a  reasonable  depth. 

Another  source  of  water  supply  adequate  for  manufacturing  plants 
or  large  institutions  where  only  a  few  hundred  thousand  gallons  are 
used  daily,  but  iLSually  not  deemed  sufficient  for  city  supplies,  is  coming 
into  use  in  the  Piedmont  region.  It  consists  of  tube  wells,  which  are 
sunk  usually  in  groups  through  the  decomposed  surface  material  down 
to  solid  rock,  and  which  derive  their  supplies  from  water  circulating 
slowly  just  on  top  of  this  rock.  These  wells  are  usually  only  a  few 
inches  in  diameter  and  vary  in  depth,  with  the  depth  of  the  surface 
disintegration,  ranging  from  30  to  80  feet  in  most  cases.  They  are 
sunk  along  or  near  the  lowest  line  of  a  natural  valley  or  depressed 
area  toward  which  a  considerable  surfiico  area  slopes,  the  larger  the 
basin's  extent,  other  thiiio;s  bein<^  eciual.  the  hirt,^er  the  probable  sup- 
ply. Much  of  the  rain  fjillini,^  in  tlie  hiisin  percolates  down  through 
the  soil  and  moves  slowly  alon^  on  the  bed-rock  surface,  the  slope  of 
which  usually  coincides  in  the  main  with  that  of  the  soil  surface  above 
it.  In  soni(»  cases  the  clay  soil  near  the  surface  may  be  so  close  grained 
as  to  act  as  an  impervious  covering  for  the  wat(*r  in  the  partly  disiii- 
tegrat(>d  and  loosened  rock  beneath,  so  that  wells  sunk  in  this  manner 
may  be  truly  artesian — that  is,  they  may  have  a  natural  flow  caused  by 
the  pressure  of  the  water  confined  l)eneath  an  impervious  layer.  The 
distance  in  this  case  fiom  which  the  water  comes  is  of  course  limite<l 
to  the  basin  in  which  the  well  is  sunk.  Jt  is  a  local  artesian  basin 
formed  under  exceptional  conditions. 

Such  supplies  of  water  have  been  found  uniformly  satisfactory. 
This  result  has  of  course  been  attained  ])v  selecting  basins  free  from 
sources  of  contamination.  The  continued  purity  of  such  water  will  of 
course  depend  on  the  vigilance  exercised  in  keepino-  the  ])asin  free  from 
pollution.  As  such  basins  are  oidinarily  small  this  is  not  a  difficult 
task.  Several  sut'h  wells  in  a  group  are  usually  coinuH'ted  and  pumped 
together,  and  several  such  groups,  if  a  suflicient  supply  is  obUiinable 
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within  ii  small  area,  would  be  sufficient  to  furnish  with  water  a  town 
of  sonic  size,  or  to  aid  materially  in  supplying  a  large  city. 

In  York,  Chester,  Union,  and  Abbeville  counties  there  are  consid- 
erable areas  of  diabase  or  diorite  that  on  weathering  produce  a  close- 
grained  clay  soil  that  is  abundantly  charged  with  lime  and  magnesia. 
The  springs  and  wells  of  these  areas  are  accordingly  of  hard  water. 
The  use  of  cisterns  is  more  necessary  here  than  an3^where  else  in  the 
l^iedmont  region,  and  yet  they  are  the  exception  rather  than  the  rule. 

Streams, — Where  larger  supplies  of  water  for  manufacturing  plants 
or  town  corporations  are  desired,  resort  is  had  in  most  instances  to 
streams,  and  a  pumping  plant  is  installed  to  lift  the  water  to  a  reser- 
\o\v  or  standpipe.  The  streams  of  the  Piedmont  region  are  never 
perfectly  clear  except  at  their  headwaters,  among  the  mountain  spurs 
that  project  from  the  Appalachians  out  upon  the  inner  edge  of  the 
Piedmont  area.  The  line  red  clay  soil,  so  characteristic  of  the  deeply- 
weathered  Piedmont  surface,  is  washed  into  the  streams  in  great  quan- 
tities by  every  rain,  and  the  waters  become  exceedingly  muddy.  So 
finely  divided  are  some  of  these  clay  particles  that  they  remain  sus- 
pended indefinitely,  and  even  with  prolonged  settling  it  is  difficult  or 
impossible  to  get  the  water  perfectly  clear.  The  excessive  muddiness 
disappears  very  soon  after  the  passage  of  a  flood,  but  even  in  their 
lowest  stages  the  Piedmont  streams  do  not  become  perfectly  clear. 
When  they  are  used  for  city  water  supply,  ample  settling  basins  nuist 
be  provided  or  a  filtration  plant  must  be  inst^illed.  The  clay  is  sus- 
pended in  the  water  in  particles  so  fine  that  it  can  be  removed  with 
difficulty  even  l)y  filtration. 

The  most  inviting  sites  for  the  location  of  towns  in  the  Piedmont 
region  have  been  the  comparatively  level  interstream  areas  that  form 
the  divides  between  the  main  streams,  and,  as  a  rule,  the  principal 
towns  of  the  region  are  both  remote  from  and  at  a  considerable'  eleva- 
tion above  the  larger  stre^ims,  thus  occupying  situations  that  greatly 
increase  the  cost  of  water  supplies  derived  from  such  sources. 

Furthermore,  with  the  rapid  growth  of  large  cotton  mills  along 
these  Piedmont  streams,  each  with  its  attendant  mill  village  in  which 
the  sanitation  and  the  sewerage  system  are  usually  not  what  they 
should  be,  the  problem  of  obtaining  unpolluted  water  supplies  from  the 
streams  of  this  region  will  constantly  become  more  difficult. 

With  the  growth  of  larger  cities  in  the  Piedmont  area,  however, 
other  sources  nuist  in  time  become  inadequate  and  the  large  streams 
nuist  furnish  the  water  supplies.  Means  must  then  be  taken  to  pro- 
vide sufficient  settling  area  or  adcfjuate  filter  plants  as  well  as  to  guard 
the  watersheds  of  the  catchment  area  from  organic  pollution.  These 
water-suppl}'  problems  are  not  diti'erent  from  those  other  conununi- 
ties  have  to  fiuM»  except,  p<»rhaps,  as  to  the  almost  permanent  suspei 
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sion  of  the  very  fine  day  particle.s,  and  can  te  successfully  solved  here 
just  as  they  have  been  elsewhere. 

COASTAL    PLAIN. 

The  Coastal  Plain  attains  a  width  of  nearl}^  150  miles.  The  avera^ 
elevation  of  it^  inner  edge  where  it  overlaps  the  Piedmont  crystallines 
is  about  500  feet.  The  slope  of  the  surface  from  the  inner  edge  toward 
the  coast  is  at  first  leather  steep,  so  that  30  miles  from  its  inner  edge 
the  average  elevation  has  decreased  to  less  than  200  feet.  From  thisi 
line  to  the  sea  the  surface  slope  is  very  gentle.  Much  of  the  outer 
part  of  the  Coastal  Plain  is  low  and  swamp\'  and  the  rivers  crossing 
the  region  are  usuall}'  fringed  with  swamps  that  are  in  places  5  to  10 
miles  wide. 

The  inner,  more  elevated  portion  of  the  Coastal  Plain  is  deeply 
trenched  by  the  rivers  that  enter  it  from  the  Piedmont  region,  and 
much  of  its  surface  has  been  cut  into  hills  by  the  tributary  streams 
that  drain  it.  An  inner  belt  of  these  hills  is  known  as  the  Hand  Ml 
belt;  an  outer  interrupted  belt  that  is  in  places  more  broken  and  hilly 
than  the  preceding  one  is  known  as  the  red  hill  belt. 

GEOLOGY. 

OryataUlne  jlom\ — Along  the  outer  edge  of  the  Piedmont  Plateau 
the  surface  of  the  crystalline  rocks  dips  southeastward  and  passes 
teneath  the  overlapping  sands  and  clays  of  the  Coastal  Plain.  From 
well  records  something  has  been  learned  of  the  depth  of  the  crystal- 
line floor  beneath  the  surface  of  some  pjirts  of  tlie  Coastal  Plain;  but 
much  more  information  is  desirable  concerning  its  depth,  especially 
beneath  the  central  and  southwestern  part.s.  At  Aiken  a  boring,  after 
passing  through  465  feet  of  sands  and  clays,  reached  gmnite  at  62  feet 
above  sea  level.  At  Florence  Gos  feet  of  Coastal  Plain  sediments  over- 
lie the  rocks  of  the  Newark  formation,  which  were  reached  at  473  feet 
below  sea  level.  At  Marion  a  boring  that  passed  through  700  feet  of 
sands  and  clays  entered  crystalline  schists  682  feet  l)elow  sea  level.  At 
Wilmington,  N.  C,  a  well  started  only  a  few  feet  above  tide  entered 
granite  at  a  depth  of  1,109  feet.  At  Orangeburg  a  well  1,160  feet  deep 
had  not  reached  the  crystallines,  but  was  prol^ably  not  far  above  them. 
A  well  at  Charleston  2,0.50  feet  deep  and  one  at  Beaufort  1,040  feet 
deep  failed  to  reach  the  underlying  crystallines. 

General  c/iuracter  ({f  de/Mfsits,  -The  Coi\sUi\  Plain  formations  consist 
of  tine  gravels,  sands,  clays,  marls,  and  an  occasional  soft  limestone. 
The  dij)  of  the  lower  mem])ers  is  southeastward  at  a  rate  somewhat 
great(M*  than  the  surface  slope.  The  higher  menibers,  liowever,  thicken 
seaward  until  the  youngest  members,  or  those  at  the  top,  dip  at  the 
same  rate  as  the  sui-face. 

Pffff^//f(/r  /(//'//((/f/fi/i.-nw  oldest  of  these  menibers  is  the  Potomac. 
It  lies  innnediately  u[)on  the  crystalliiu^s.  and  along  its  outcroppin<r 
jnnei*  e(l<'-e  consists  of  at  least  4oO  or  500  feet  of  varit^gated  sands  aiul 


«iKSN  ]  80UTH   CAKOLINA.  147 

clays.  Much  of  the  sand  is  coarse  and  cross-bedded,  and  usually  con- 
tains a  considerable  amount  of  arkose.  The  clay  is  in  very  irregular 
lenticular  masses  embedded  in  the  sands  and  does  not  form  continuous 
and  persistent  strata.  These  sands  and  clays  outcrop  in  the  sand  hills 
and  in  part  of  the  red  hills  along  the  inner  edge  of  the  Coastal  Plain  in 
a  belt  5  to  10  or  more  miles  wide,  where  the}^  receive  the  supplies  of 
water  that  they  carry  seaward  with  them  l>eneath  the  later  members  of 
the  Coastal  Plain  series.  These  Potomac  sands  and  clays  are  water- 
bearers  under  very  much,  if  not  all,  of  the  Coastal  Plain;  but  very 
little  is  known  as  to  their  exact  depth  beneath  the  surface  in  much  of 
the  region.  A  1,160-foot  well  at  Orangeburg  had  probably  reached 
nearly  to  their  base.  At  Florence  they  extend  from  200  or  300  feet  to 
607  feet.  At  Charleston  the  2,050- foot  well  probably  stopped  in  their 
upper  portion.  It  is  probable  that  the  1,640-foot  well  at  the  naval  sta- 
tion at  Port  Royal  had  just  about  reached  their  top  layers,  and  it  is 
likely  that  a  supply  of  good  water  might  have  been  obtained  in  these 
Potomac  sands  within  the  next  few  hundred  feet  had  the  well  not  been 
abandoned  where  it  was.  The  water  found  in  the  deeper-lying  por- 
tions of  the  Potomac  under  the  outer  part  of  the  Coastal  Plain  may, 
however,  be  found  charged  more  or  less  with  mineral  matter,  although 
the  water  from  the  deep  wells  at  Charleston  is  reported  to  be  of 
excellent  quality  and  furnishes  the  city's  supply. 

Marine  Cretaceous  heds. — The  marine  Cretaceous  is  the  next  younger 
formation.  It  consists  of  dark,  unctuous,  tine-grained  clays,  locall}' 
known  as  fuller's  earth,  and  often  described  by  the  drillers  as  soap- 
stone,  interbedded  with  fine,  light-colored  micaceous  sands.  The  clays 
contain  abundantly  disseminated  iron  pyrite  that  readily  decomposes 
and  gives  rise  by  further  reaction  to  alum,  so  that  open  wells  and 
springs  in  these  clays  are  sometimes  very  astringent.  These  Creta- 
ceous clays  outcrop  only  in  the  eastern  part  of  the  State.  They  do 
not  form  the  general  surface  even  here,  but  are  overlain  by  a  thin 
mantle  of  younger  deposits,  and  are  revealed  only  in  stream  cuttings 
along  the  Pedee  and  its  tributaries.  The  Ijest  exposures  are  in  Dar- 
lington and  Florence  counties.  West  of  Lynches  River  the  marine 
Cretaceous  is  not  known  to  outcrop  at  the  surface.  There  the  Eocene 
rests  directly  on  the  Potomac. 

From  its  surfsu-e  exposures  in  the  eastern  part  of  the  State  the  marine 
Cretaceous  dips  soutlioastward  beneatli  later  deposits,  and  is  reached 
or  passed  through  in  the  deeper  wells  of  that  region.  It  extends  from 
about  600  to  a!)out  1,900  feot  in  the  Charleston  wells.  -  It  was  passed 
through  in  the  Orangeburg  well,  its  top  being  about  252  feet  from  the 
surface,  and  its  bottom  being  indeterminate  from  the  record  obtained. 
The  Port  Royal  well  from  700  or  800  to  about  1,600  feet  is  in  the  marine 
Cretaceous.  Well  records  show  that  it  consists  of  sands,  marls,  and 
dark  clays,  the  latter  sometimes  described  as  very  tough  and  sticky  to 
drill.     The  layers  of  sand  occupy  no  detinite  homow.    T\v^^'  ^^^xiNsvxfi!^'^ 
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water-bearing,  but  the  water  is  often  charged  with  sulphur  or  iron  or 
is  bmckish  or  salt.  No  persistent  horizon  of  potable  water  is  known 
in  this  series.  Some  of  the  sand}'^  stnlta  may,  however,  local Ij  con- 
tain good  water,  and  careful  tests  for  quantity  and  quality  of  water 
should  be  made  at  any  promising  horizon. 

Eocene  depmlts,  — The  Eocene  overlies  the  Cretaceous.  In  the  eaj^t 
ern  part  of  the  State,  where  the  Cretaceous  is  exposed  in  stream  cut 
tings,  a  few  thin,  isolated  patches  of  Eocene  are  found  renting  in 
depressions  in  the  Cretaceous  surface.  West  of  Lynches  River  the 
Eocene  rests  directl}^  on  the  Potomac,  and  in  Orangeburg*,  Lexington, 
and  Aiken  counties  numerous  exposures  of  it  occur.  At  the  Imse  it 
consists  of  line,  light-colored  siliceous  clay,  breaking  with  conchoi(kl 
frac»ture,  and  overlain  by  a  silicilied  mass  of  shells  and  casts— the 
Buhrstone.  Above  it  are  soft  gray  to  white  pulverulent,  calcareous 
marls,  whose  lower  part  is  known  as  the  Santee  marls,  and  who?* 
upper  part  is  the  Ashley  and  Cooper  marls.  •  They  may  be  grouped 
together  here.  These  Eocene  stratii  are  probably  500  feet  thick  at 
Charleston  and  occupy  a  basin  called  the  Charleston  basin,  delimited 
to  the  northeast  by  the  marine  CretaceouJT  strata,  which  come  to  the 
surface  in  the  Pedee  region,  but  are  of  unknown  extent  to  the  south- 
west in  Georgia,  though  they  rise  considembly  in  Barnwell  County. 

The  Buhrstone  division  of  the  Eocene  is  more  or  less  cavernous  and 
is  genemlly  water  bearing.  The  waters,  as  might  be  expected,  are 
more  or  less  hard.  They  are  rcarhcd  at  Charleston  at  a])out  4ihMo 
500  feet  from  the  surface.  At  Orangeburg  the  base  of  these  rocks  is 
probably  about  2:)'l  feet  from  the  surface.  In  Bamberg,  Barnwell. 
Colleton,  and  Hampton  counties  they  seem  to  be  widespread  wator 
l)earers  and  are  reached  at  deptlis  of  about  100  feet  in  upper  Barnwell, 
but  dii)  toward  the  coast  so  that  there  they  ai-e  found  at  500  to  7<X)  feet 
from  the  surface.  The  basal  Eoc(Mie  is  therefore  very  genemlly  water 
bearing  and  lies  at  moderate^  depths  beneath  that  large  portion  of  the 
Coastal  Plain  in  which  the  Eocene  occurs.  No  detinite  water -bearinjr 
horizons  are  known  in  the  ov(M-lying  Eocene  marls.  Open  wells  and 
springs  in  tliese  upper  beds  fuinish  hard  watei*. 

j\f!<H'i')tr  in((rt.-  \  thin  stratum  of  late  Miocene  shell  marl  rests  in 
many  places  on  the  eroded  surface  of  either  the  Eocene  or,  in  tlie 
Pedee  region,  the  mariiu^  Cretaceous.  Jt  is  not  usually  wideh^  con- 
tinuous and  is  not  important  as  a  water-bearing  horizon.  Open  wells 
Sunk  to  it  yield  hard  water.  It  rarely  outcrops,  and  so  produces  hut 
few  springs. 

Ldfdi/rift'  iuuJ  (\th(iiihlit  saidls,-  Along  the  inner  and  more  elevat^nl 
red  hill  and  sand  hill  portion  of  the  Coastal  Plain  there  may  be  dis- 
criminated in  most  cases  two  thin  formations  of  sand  that  blanketwise 
overlie  all  of  the  older  formations.  The  older  one  is  usually  a  hard- 
ened, cross-bedded  sand,  often  carryiiig  considerable  clay  and  near 
the  rivers,  as  they  enter  t\\e  Coi\sU\\  V\v\\\\,  wml-ivxws  vounded  pebbles 


1  ;' 


.ENN.] 


SOUTH    CAROLINA. 


149 


nci  col)blos.  It  is  regarded  as  of  Lafayette  age.  Where  it  overlaps 
II  the  Potomac  sands  and  clays  it  is  in  many  places  very  difficult  to 
etermine  the  contact  line  so  very  similar  are  their  materials,  the 
<af nyette  being  derived  in  such  cases  from  the  underlying  Potomac 
y  Si  slight  reworking.  These  Lafayette  sands  and  clays  are  usuall}^ 
eel  in  color.  In  Columbia  they  are  homogenous,  structureless,  and 
right  red.  In  man}^  places  they  are  mottled  red  and  light  gray. 
'he^'  form  much  of  the  surface  in  the  ''red  hill"  belt.  In  the  middle 
nd  outer  half  of  the  Coastal  Plain  the  Lafayette  has  not  been  discrim- 
riated.  If  ever  present  in  the  outermost  part,  just  near  the  present 
oast  line,  it  has  veiy  probably  >)een  removed  by  erosion,  for  the  post- 
pliocene  rests  on  rounded  phosphate  nodules  that  cover  the  surface  of 
he  Eocene  or  Miocene  marls  from  which  they  were  torn  by  the  waves. 

The  younger  of  the  two  blanketing  formations  is  a  light-colored, 
oft,  clean-washed,  barren  sand  that  forms  the  surface  of  most  of  the 
>>astiil  Plain,  including  the  sand  hills.  In  the  middle  and  outer  part 
if  the  Coastal  Plain  it  is  usually  mixed  with  enough  clay  to  form  a 
oaiii.  In  thickness  it  ranges  from  a  few  feet  up  to  perhaps  50  feet 
n  some  places  near  the  coast.  It  is  regarded  as  of  Columbia  age,  but 
;uch  distinctions  as  high-level  and  low-level  or  fluvial  and  interfluvial 
leeiii  inapplicable  to  it.  Its  relation  to  the  post-Pliocene  deposits  indi- 
cates that  the  portion  near  the  coast,  at  least,  is  of  late  Columbia  age. 

The  post-Pliocene,  which  comes  !)etween  the  Lafayette  and  the 
Jolunibia,  is  found  in  places  along  or  in  a  few  miles  of  the  coast.  It 
s  a  thin  stratum  of  sand  and  shells  and  is  of  no  special  importance  as  a 
water  bearer. 

WELLS. 

The  following  tables  present  a  comprehensive  summary  of  the  results 
of  numerous  wells  bored  in  the  Coastal  Plain  of  South  Carolina.  Since 
the  list  was  made  a  considerable  number  of  new  wells  have  l>een  drilled, 
but  the  present  table  is  nevertheless  fairly  representativ^e: 

Partial  list  of  deep  v^elh  in  South  Carolina,  f^ 


L«K'ality. 


Abbevillr 

Aikcfi 


BainlM.T^'. 
M)  wells. 


.wells. 


Depth. 

Feet. 
520 

ft58 

05-100 
470 
495 
520 
555 


Diame- 
ter. 

Capacity 
per  minute. 

Height 
of  water.*' 

Inches. 

Gallons. 
Many. 

50 

Feet. 
-    3 
-170 

8-6 

40 
3.5 

10 

+  15 
h  20 
+  12 
+  30 

Remarks. 


In  ancient  crj'stallines. 

In  granite;  water  al.so  at  543 
feet. 

In  buhrstone. 


Jn  Potomac  sands. 


«  Diirtoi),  N.  H.,  Artenian-well  pn».spects  in  the  Atlantic Coa.<xtal  Plain  rt^gion:  Bull.  U.S.Geol.SuTTey, 
N«».  i:i«,  pp.  210-211;  alHO  retrord-s  collecttnl  hy  the  writer. 
/'  4  .  icct  alH)ve  mirfacc;  -,  feet  below  Hurface. 
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LocHlily. 


Depth. 


Feet. 


Barnwell ' 

Beaufort:  ' 

Coonaw  Company I        HOO 

Water  worlcH 1*20 


Blacksvllle 120 

Bluffton.     (See  Mays  River. )  ' 
Camden,  2  wells 618.625 


1 


1260- 
2000 


Charleston,  6  wells ,|    .jooi 

Charleston.  9  wells 323-175 

Chester |       500 


Do. 


404- 


I 


Clyde '       152 

Connors '     030*^ 

Conway,  several 210-240 


Darlington 

Cotton  factory. 

Denmark 

ErtlU 

Eutawvllle 

Do 


I 


i«7 
280 
450 
850 
860 
100 
Florence,  city  works* i    1 ,  215 


Do I  182 

Florence,  Ice  works 200 

Florence,  Machine  shop 420 

Fort  Fremont 42^ 

FortMotte 141 

Grahamvillc.  2  wells 121 

Do •22l> 

Do 220 

Do 350 

Cieorgetown 570 

Georgeti>wn,  10  wi'lls r»5-74 

(ireen  Pond 503 

Greenwood 400 

Halls  Island.  Donner  Hros  . . .  120 


Diame-  ;   Capacity 
ter.     'perminute. 


H  eight 
of  water. 


Inche*.       (hillons.  Feet. 


10  Many. 


2J-6 


170-800 


I>oeH   not 
How. 


Kexnarks. 


.4! 

+26  1 


Water  fine.    Granite  betov 
82  feet. 


Saline  water. 


Many.     Dot^    not 
How.       I 


;W  i        Flows. 
;M)    To  surface. 


Smull. 


ti                   170  FImw«^. 

2      Few  now 

4      Feu  now.  Flow. 

4      Few  now.  Fl<»w. 

5(M.()  flO 

2            Many.  J  4 

1  Flows. 

4  1  4 

l.'H>  20al>ov<' 

I  hinli  WH- 


3 


ter. 


Hampton 
Do.... 
Do.... 
Do  ... . 


Hartsville,  h  wells,. 

Jaek.sonboro 

John.s  Island 

Kingstree,  3  wt-lls  . . 
Uxke  rity,  10  w»-lls. 

Manning 

Marion 


Monelis  ('(»riu'r  . 


186 
4t'. 
800- 

.  22H-2I0 
420  I 

320  , 

ir4>-3i»o 

375  \ 
1 , 1'44 

17y  I 


Many. 
1  iiLstn-ani' 


3 

^   1 

I)<»e«;    n<tt 
!l<.w. 


3  1            Fl<»ws. 

r.  11             Flows. 

•J  -  Many.            Flows. 

3  and  2  7-1.^.                  *  15 

2  2    

.s-y  1          Flows. 


:i;'. 


14 


.1  Perfectly  dry  hole.    In  dio> 
'      rite. 

I  n  d  iori  te.     Depth  also  girea 
as  37*2  feet. 

In  Potomac  sands. 
i  Drilling. 

Some  sulphur. 

In  Potomac  formation. 
I  Water  from  212  feet. 
'  Water  from  150  feet. 


608  to  1,335  feet  in  Newark 
sandstone:  waters  also  tt 
600  and  800  feet. 

Fine  water. 
Do. 


,\l>andoned  in  quicki^and. 
Another  well  is  164  feet  deep. 
Water  at  170  feet. 
Hani  water,  water  at  170 fetrL 
Hard  water:  water  at250fefl. 

K  feel  of  water. 
T«inp.  70<^  F. 
In  ancient  crystallines. 
Sul(>hurous  water. 

Soft,  irony  water. 
In>nv  water. 


In  Potomac  sand.^. 
Temp.  72°  F. 
Temp.  70°  F. 
Fine  water. 


Soft. 

Small  flow  at  700  feet  on  top 
of  crystallines. 

I  lH-148  feet  in  line  with  tlini 
roek  below. 
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Locality. 


8  Comer,  8  miles  din- 


liver,  BlufTton 

liver,  Capt.T.  R.  Hay- 
's place. 

liver,  Col.  J.  H.  Estill's 

liver.  Col.  J.  H.  Estill's 
tation,  4  wells. 

River.  Snyder  «V  Mil- 
sawmill. 

rry 

'  Dep<Jt 

?bunf,  4  wells 


n^r^*K  '  Diamc- 1  Capacity 
^P^^\     ler.     Iperffinute. 


Feet.      Inches. 


175 


:to  . 


r>yal  Naval  Station 

loyal  Naval  Station,  3 
oyal  Naval  Station,  2 


165 
800 

190  I 

360  I 

106 

285  , 

299  1 

1,160 
380 
346 

8r)3 

255 


GalUms. 
15 

Many. 
Fair. 

Many. 

Many. 

Many. 


I 


viile 

ithews,  5  wells. 


an  . 
ok. 


.ns  Island,  Fort  Moul- 


ille 

boro 

field 

on,  L.  Green 

see,  G.  G.  Martin  . 


60     5and2 


Many. 

Many. 
Not  any. 


y5-98 

1.640 

185 
75-135 

170 
120 
152 

1,308 

1-28 
100? 
300+ 
988?' 
490  I 
580  I 
130  I 
90 


6 
15-4 


3 

12-3 

2 


100 
Very  few. 

Many. 

125 


150 
Many. 

10 

2 


see,  J.  B.  Gregorie.  8  «  85-1.50 


6 

"1 

3-2  ;. 
3 

<>  i 


Many. 
Many. 


Many. 
Many. 


Height 
of  water. 


Feet. 
Flows. 


Flows. 
Flows. 


Nearly  to 
surface, 

Doii*   not 
tlow. 


Nearly  to 
surface. 

Flows. 

I>oc8   not 
flow. 

-12-16 
I*umped. 


Do    not 
flow. 

Flows. 

+12 

Does   not 
flow. 

Flows. 
Flows, 


Remarks. 


Very  sulphurous  wateik 

Sulphurous  water. 

Fine  water. 

Do. 

In  granite. 

Fine  water. 

Much  water  at  250  feet. 
In  Potomac  sands. 

Temp.,  76°  F. 
Water  very  impure. 

Water  hard  and  saline. 

Good  water. 

Abandoned     in    Cretaceous 
clays. 

Hard  water. 

Excellent  water. 


A  little  HsS. 
On  high  land. 

Temp..  89°  F.    Contains  iron 
and  soda. 

Soft  water. 
Drilling.    In  granite. 


-17 
-30 
-90 


Soft  water. 
Not  used. 


Flows    to 
+13. 

+8  J  Sulphurous  water;  flow  de- 

I 


Sulphurous  water. 

ilphurous 
crea.sing. 


SUMMARY   OF   C:OASTAL   PLAIN   SUPPLIES. 

udlow  wells, — The  shallow  wells  of  the  Coastal  Plain  arc  sunk  in 
^urficial  Lafayette  and  Columbia  formations.  These  wells  are 
11}^  not  over  20  or  30  feet  deep.  Many,  indeed,  are  from  8  to  12 
deep,  and  in  wet  weather  many  of  them  are  entirely  full  of  water, 
surface  water  is  as  a  rule  impure  and  unwholesome,  especially  if 
<^ells  be  open.     Driven  wells  are  now  largely  taking  the  ijlace.  ot 
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0pBa  welb.  A  S-inoh  pipe  tipped  by  a  sharp-pmiitedi  fltral 
18  driven  from  16  to  SO  feet,  and  a  small  suetioii  pump  ia  i 
theupperend.  8uchwdk are qoidUy, easily, aiidislieiiplyi 
do  not  permit  surftu^  waters  to  trickle  down  directly  ttom,  tl 
as  do  the  open  wells.  Their  waters  are  more  wbotoeotne  th 
open  wells,  but  their  general  ose  will  not  sdive  the  pare-wiA 
for  the  Cioastal  Plain. 

Deep  wdls. — Many  farmers  are  sinking  artesian  wells  of  si 
tor  and  moderate  depths  to  the  upper  part  of  the  Potcmiac  1 
inner  half  of  the  Coastel  Plain,  while  on  the  outer  half  wcdh 
deeper  with  somewhat  less  certainty  of  getting  good.watei 
lower  Eocene.  Unfortunately,  very  few  records  that  give  n 
maljon  as  to  the  age  or  kind  of  beds  passed  throjni^  hsve 
by  the  drillers  or  owners,  so  that  our  knowledge  of  the  on 
waters  of  the  region  leaves  much  still  to  be  desired,  fizperi 
ever,  has  proved  that  in  many  parte  of  the  Coastal  PUdn  t 
for  obtaining  supplies  of  deep  water  that  will  rise  neuiy 
above  the  sur&ce  are  excellent.  In  other  parts,  es^iecifldlj 
the  coast,  the  problem  is  more  uncertain  because  of  the  giei 
the  water-bearing  strate  and  the  greater  risk  of  findinigf  the 
highly  impr^^ted  with  various  mineral  matters  to  be  osaliie 
ous  good  wells,  however,  have  been  drilled  near  the  coesl^  a^ 
in  this  region  should  carefully  test  every  water-beariQ|f  sail 
promise  as  they  go  down. 

The  use  of  artesian  water  has  greatly  improved  the  health  ( 
on  the  Coastal  Plain.  Not  only  has  typhoid  fever  been  ban 
of  greater  importance,  because  of  its  former  more  general  p: 
malaria  has  been  practically  banished  also,  despite  the  pi 
mosquitoes. 

Streatm. — The  streams  of  the  flatter  portions  of  the  Coa 
are  dark  wine-colored  from  the  presence  of  organic  matter, 
the  sand  hills  are  usually  pure  and  clear  and  may  be  used  h 
ing  or  for  any  other  similarly  exacting  purpose  for  which  a  ii 
clear  water  supply  is  necessary.  The  sand  hills  yield  the 
ground  waters  very  gradually  and  regularly  to  the  stream 
stream  discharge  in  this  region  is  very  uniform. 

PRINCIPAL.  PUBLICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Gh 
No.  32,  pp.  79-80. 

Artesian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Da 
U.  8.  Geol.  Survey  No.  138,  pp.  207-222. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N. 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  p.  43. 

Year  Book,  City  of  Charleston,  1881,  pp.  257-3i5. 


GEORGIA. 


By  S.  W.  Mc^Callie. 


Georgia  may  be  divided  into  three  great  provinces — the  Coastal 
Plain,  the  Piedmont  Plateau,  and  the  Appalachian  or  Paleozoic  area — 
each  of  which  represents  a  great  time  division  of  geologic  history. 

COA8TAL  I»J.AIX. 

The  Coastal  Plain  includes  that  part  of  the  State  lying  south  of  an 
irregular  line  connecting  Augusta,  Macon,  and  Columbus,  and  com- 
prises more  than  one-half  of  the  entire  State.  In  this  region  the  rocks 
are  Cretaceous  and  Tertiary  clays,  sands,  and  soft  limestones,  having 
a  general  dip  southward  of  only  a  few  feet  to  the  mile.  The  sands 
and  limestones  usually  furnish  copious  supplies  of  water,  which  in 
some  instances  has  sufficient  head  to  be  used  for  irrigation  purposes 
and  to  operate  machinery.  The  waters  from  the  Cretaceous  beds  are 
usually  soft,  but  those  from  the  Tertiary  are  frequently  hard  and 
unsatisfactory  for  many  purposes. 

In  addition  to  the  underlying  Cretaceous  and  Tertiary-  formations  two 
surficial  formations — the  Lafa3'ette  and  tlie  Columbia — are  of  especial 
importance  in  connection  with  the  water  supply  of  shallow  wells. 
These  formations  consist  of  claj's  and  sands,  and  cover  more  or  less 
completely  the  entire  Coastal  Plain.  The  Lafayette,  the  older  of  the 
two,  lies  unconformabh'  on  the  Cretaceous  or  Tertiary  rocks.  It  con- 
sists of  orange  and  vari-colored  sands  and  clays  with  local  beds  of 
gravel.  Ov^erlying  the  Lafayette  is  the  Columbia  formation,  which  is 
made  up  almost  entirely  of  rather  tine-grained  sand,  and  in  places 
attains  a  thickness  of  many  feet,  but  more  often  is  nuich  thinner,  or 
is  entirely  wanting.  These  two  surtirial  deposits  are  the  main  sources 
of  the  water  supplying  the  shallow  wells  throughout  the  Coastal 
Plain,  and  thc}^  also  govern  the  amount  of  rainfall  tiiken  up  by  the 
underlying  Cretiiceous  and  Tertiary  sands  aiid  limestones.  Where  the 
Lafa\  ette  formation  consists  largely  of  clay  it  forms  an  impervious 
water-bearing  stratum  which  to  some  extent  prevents  rainwater  from 
penetrating  the  underlying  Cretaceous  or  Tertiary  deposits.     On  the 
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othor  Imnd,  the  Columhia  sands  absorl)  a  lar^e  percentage  of  tl 
fall,  which  is  retained  until  taiken  up  by  the  underlying  d( 
These  surfi<*ial  formations  either  inereasc  or  decrease  the  water 
in  deep  wells  aecordinjj  as  they  take  up  little  or  much  of  the  r 

PIKDMOXT  AUEA. 

The  Piedmont  Plateau,  or  crystalline  area,  enihi-ac'os  all  of  th 
of  the  State  lyinj^  north  of  theCoastil  Plain  with  the  cxreptioii 
grciiter  imii;  of  ten  counties  in  the  northwestern  portion. 

This  rej^ion  is  an  old  enxlcd  land  surface,  formed  of  hi^hb 
morphosed  igneous  and  sedimentary  rocks,  which  are  f  requenth' 
ercd  to  (^onsidenible  <lei)ths.  The  prevailingly  roc^ks  are  slates,  « 
gneisses,  and  jifnuiites,  none  of  which  can  }yo  considered  water-1 
of  any  great  i)romise.  The  crystalline  area  is  noted  for  the  i 
ous  small  sjirinj^s  that  are  nither  evenly  distributed  through 
There  are  a  few  large  spi-ings,  but  they  are  rare  and  are  usua 
prolnibly  to  the  i)resence  of  faults  nither  than  to  any  special 
l)earing  strata.  The  deep  weathering  of  the  rocks  is  favoi'aF 
copious  supply  of  water  for  shallow  wells.  Nearly  all  of  the 
towns  are  supplied  by  such  wells,  which,  except  during  an  exti 
dry  season,  furnish  an  abundant  sui)i)ly  of  what  is  generally  su 
to  Ik?  very  wholesome  water.  Deep  wells  have  l)een  drilled  b; 
of  the  towns,  but  in  the  majority  of  cases  the  amount  of  waters 
has  been  in}i(l(H|uate  to  supply  the  diMiiand.  Furthermore,  the  g< 
structureof  thi'  crystalline  an'a  is  such  that  water  obtained  froi 
borings  is  likely  to  Imtoiuc  contain inatcd  sooner  or  later  from  s 
drainage,  rspecially  where  thrre  is  little  or  no  sandy  soils  to  a 
liltcr.  ami  wlii'n'  the  upturned  edge>  of  the  rocks  dip  at  a  liigh 

ArPAI.AClIIAN    OK    TAKKOZOir   AKKA. 

The  Paleozoic  area  eoni[)rises  the  greater  part  of  ten  counties 
extreme  northwestern  [)art  of  the  State.  The  rocks  of  this  regi 
limestones,  shah's.  and  sandstones,  thrown  into  a  nuuilM^r  of 
parallel  anticlinal  and  >yncliiial  folds.  The  anticlinal  folds  in 
cases  have  been  decapitated  and  are  now  replaced  by  vall< 
erosion,  while  the  syiicline^  form  the  intervening  ridges  or  nioui 
Thi'M'  sti'uetural  eoii<litious  mr  usually  unfavonible  for  flowing 
but  at  the  >ame  time  they  materially  aUow  tlic  rainfall  to  be  r 
abxirbed  hy  the  uptuiiMul  edges  of  the  strata.  They  al.so  exphi 
distribution  of  the  num<'rous  .springs. 

The  water-beaiing  strata  of  the  Paleozoi<'  area  are  the  lime 
and  the  sandstones.  The  limestmies,  from  which  most  of  the  \ 
ground  water  is  obtained,  are  usually  heavy  bedded  and  coi 
Tin*  wjiter  contained  in  them  fnM|uently  occurs  in  deep  tissu 
channels  as  running  streams  of  coiisiderablc  size. 
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When  these  strata  outcrop  such  streams  give  rise  to  huge  springs, 
which  furnish  large  volumes  of  water,  and  which  often  occur  through- 
out the  Paleozoic  area.  The  largest  of  these  springs  are  generally 
found  along  fault  lines  or  near  the  contact  of  limestones  with  imper- 
vious shales.  The  water  from  these  large  springs  often  becomes 
muddy  after  a  heavy  rainfall,  showing  that  the  underground  stream 
which  supplies  them  with  water  has  direct  connection  with  limesinks 
or  other  open  cavities  on  the  surface.  Such  springs  are  also  more  or 
less  affected  by  droughts,  and  have  been  known  to  entirely  cease  flow- 
ing during  an  extremely  dry  season. 

The  sandstones  of  the  Paleozoic  area  which  are  here  spoken  of  as 
water-bearing  strata  are  confined  chiefly  to  Sand  and  Lookout  moun- 
tains. At  several  points  on  these  mountains  the  bore  holes  put  down 
in  prospecting  for  coal  have  furnished  rather  copious  supplies  of 
water.  The  numerous  coal  mines  located  on  these  mountains  also 
demonstrate  that  the  sandstones  are  water  carriers  of  considerable  im- 
portance. In  northwest  Georgia  are  also  very  favorable  conditions 
for  shallow  wells.  The  residual  clays  are  generally  of  such  thickness 
as  to  retain  a  high  percentage  of  the  rainfall  within  a  short  distance  of 
the  surface  and  supply  shallow  wells  with  ample  water  for  all  domestic 
purposes. 

UNDERGROUND  WATER  CONDITIONS. 

The  geologic  conditions  bring  out  prominently  marked  differences 
in  the  underground  water  conditions  of  the  different  parts  of  the  State. 
In  south  Georgia,  or  the  Coastal  Plain,  the  numerous  beds  of  sand  and 
porous  limestones  with  their  gradual  dip  southward  present  favorable 
conditions  for  deep  wells.  In  the  crystalline  and  Paleozoic  areas, 
where  the  formations  are  much  folded  and  faulted,  underground 
water  reaches  the  surface  by  numerous  springs.  In  the  one  case  the 
deep-seated  underground  waters  reach  the  surface  through  artificial 
openings  made  by  the  drill,  and  in  the  other  they  come  up  through 
open  fissures  or  along  bedding  planes  of  the  rock.  In  the  first  case 
the  underground  waters  are  far  more  liable  to  become  contaminated 
by  surface  impurities  than  in  the  other.  This  is  due  to  the  high  or 
steep  dip  of  the  water-bearing  strata.  In  south  Georgia  the  under- 
ground waters  in  most  cases  probably  flow  through  several  miles  of 
porous  limestones  or  sands  before  reaching  the  deep  wells,  but  in  the 
northern  part  of  the  State  wells  equally  as  deep  may  be  supplied  with 
water  falling  as  rain  only  a  few  hundred  yards  distant. 

The  conditions  governing  the  water  supply  of  shallow  wells  are 
practically  the  same  in  all  parts  of  the  State,  especially  where  the 
w  ells  obtain  water  from  surficial  deposits  and  residual  clays. 

The  water  from  the  shallow  wells  supplying  small  towns  in  north 
Georgia  was  usually  found  to  be  in  fair  sanitary  condition,  but  in  a 
IBR  114—06 11 
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few  inntances  analyses  made  in  the  laboratory  of  the   State  g 
ical  survey  gave  unmistakable  evidence  of    sewage  contanui 
Certain  local  geologic  conditions,  which  are  peculiar  to  the  no 
portion  of  the  State,  seem  to  be  the  cause  of  this  contamination, 
will  be  described  somewhat  in  detail. 

All  of  the  rivers  and  large  streams  throughout  the  crystalli 
the  Paleozoic  areas  traverse  valleys  of  erosion  which   vary  in 


Fi<i  21.— Areas  of  flowing  wells  in  (ieorjfia.    Flowing  wells  may  be  obtained  in  shaded  a 

from  a  few  hundnnl  yards  or  less  to  a  mile  or  more.  These  va 
parts  of  which  now  lie  sovenil  feet  above  the  present  flood  plain  < 
river,  are  often  covered  to  the  depth  of  manv  feet  with  al 
deposits  left  })y  the  stream  when  it  flowed  at  a  higher  level, 
deposits  usually  occur  in  two  layers.  The  lower  layer,  whic 
directly  upon  the  eroded  edges  of   the   underlying   rocks,   co 


M'CALUK.]  GEOKGIA.  157 

chiefly  of  coarse  waterworn  gravel  and  rounded  stones,  the  latter  often 
attaining  a  weight  of  many  pounds.  The  thickness  of  this  layer  is 
variable  and  depends  somewhat  upon  the  irregular  eroded  surface 
of  the  underlying  rock,  but  generally  it  is  froni  10  feet  to  a  few 
inches.  The  upper  layer,  which  is  usually  much  thicker  than  the 
lower,  is  made  up  largely  of  silt  or  sandy  cjlays.  The  two  layers  are 
conformable  and  have  the  same  dip  as  the  eroded  surface  of  the  under- 
lying rock.  This  gives  to  the  entire  surficial  deposit  a  gradual  slope 
toward  the  center  of  the  valley  or  the  present  channel  of  the  stream. 
In  many  places  the  upper  of  the  two  surficial  beds  has  been  removed 
by  erosion  along  the  edges  of  the  valley  so  that  the  underlying  gravel 
is  exposed.  These  exposed  edges  of  the  gravel  beds  present  most 
favorable  conditions  for  taking  up  the  surface  waters  as  they  escape 
from  the  adjacent  hillsides  to  the  valley  below  after  hard  showers. 
These  beds  form  a  very  imperfect  filter  and,  as  a  consequence,  the  well 
water  obtained  from  them  is  liable  to  become  contaminated  by  surface 
impurities.  • 

In  north  Georgia  some  of  the  towns  along  the  rivers  depend  for 
water  supply  almost  entirely  upon  surface  wells  penetrating  these 
gravel  beds.  In  laying  out  such  towns  it  has  been  the  custom  to  locate 
the  business  houses  and  the  residences  near  the  center  of  the  valley, 
and  the  barns  and  stables  along  the  margin  near  the  outcrop  of  the 
gravel  beds.  In  one  town  a  row  of  factory  houses  was  built  along  the 
outcrop  of  these  gravel  beds  and  there  was  an  epidemic  of  typhoid 
fever  throughout  the  town.  Another  town  where  the  well  waters 
were  contaminated  had  suffered  from  a  most  violent  epidemic  of 
typhoid  fever  a  few  years  previous.  With  a  comparatively  small  out- 
lay all  of  these  towns  can  be  supplied  with  excellent  water  from  the 
mountain  streams. 

MINERAI.  SPRINGS. 

Ten  springs  in  Georgia  reported  sales  of  water  in  1902.  The  total 
amount  sold  was  419,100  gallons,  valued  at  $60,797.  The  springs 
are  as  follows: 

Artesian  Lithia  Well,  Austell,  Cobb  County. 

Bowden  Lithia  Springs,  Lithia  Springjj,  Douglas  County. 

Catoosa  Springs,  Catoosa  County. 

Daniel  Mineral  Spring,  near  Union  Point,  Greene  County. 

Hughes  Mineral  Springs,  near  Rome,  Floyd  County. 

Medlock  Lithia  Springs,  Austell,  Cobb  County. 

Ponce  de  Leon  Spring,  near  Atlanta,  Fulton  County. 

Salt  Spring  Lithia  Well,  Austell,  Cobb  County. 

Siloani  Healing  Springs,  near  South  Atlanta,  Fulton  County. 

Sulpho-Magnesia  Lithia  Spring,  near  Austell,  Cobb  County. 
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FLORIDA. 


By  M.  L.  Fuller. 


Florida,  unlike  any  other  State  except  Louisiana,  lies  wholly  within 
the  Coastal  Plain,  although  Delaware  and  Mississippi  include  only  very 
small  areas  of  older  rocks.  While  in  both  geology  and  topography  it 
resembles  certain  portions  of  the  Coastal  Plain  region  in  other  States, 
it  is,  as  a  whole,  unique  in  its  characteristics. 

TOPOGRAPHY. 

The  relief  of  Florida  is  the  lowest  of  any  of  the  EJastem  States, 
only  about  a  quarter  of  its  area  standing  above  the  100-foot  level, 
while  only  a  few  isolated  points  exceed  200  feet  in  height.  Starting 
in  the  western  portion  of  the  State  the  highland  belt  skirts  the  north- 
ern boundary  to  Tallahassee,  beyond  which  it  extends  southward  along 
the  center  of  the  peninsula  to  a  point  east  of  Tampa.  Its  eastern 
border  stretches  northward  a  few  miles  west  of  St.  Johns  River  to 
the  northern  boundary  of  the  State  northwest  of  Jacksonville.  In 
this  region  soft  limestones  occur  extensively,  and  there  are,  especially 
in  the  peninsula,  many  sinks  and  depressions,  which  are  frequently 
oi^cupied  by  ponds,  lakes,  or  marshes.  It  is  the  gathering  ground  of 
the  flowing  waters  encountered  in  the  wells  nearer  the  coast.  On 
each  side  of  the  highlands  the  land  slopes  toward  the  coast,  becoming 
at  the  same  time  freer  from  sinks  and  similar  irregularities,  but  more 
or  less  cut  by  stream  channels.  Along  the  coasts  on  both  sides  of  the 
southern  portion  of  the  peninsula  are  numerous  low-lying  islands  or 
reefs  of  conil,  shell  fragments,  or  other  material.  The  interior  of  the 
southern  portion  of  the  peninsula  is  occupied  largely  by  vast  swamps, 
of  which  the  Everglades  is  the  most  extensive  and  best  known. 

The  population  is  largely  confined  to  the  highlands.  There  are  a 
few  cities  and  villages  near  the  Gulf  coast  west  of  the  Tallahassee 
region  and  a  considerable  number  al)out  Tampa  Bay.  The  Gulf  coast 
is  otherwise  thinly  inhabited.  On  the  Atlantic  side  there  is  a  line  of 
villages  and  towns  along  the  coast,  but  south  of  Titusville  the  interior 
is  largely  uninhabited.  Key  West  and  a  few  villages  and  towns  are 
located  on  the  keys  and  islands. 
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GKOT^OGY. « 

The  axis  of  the  peninsula  of  Florida  consists  largely  of  rotten 
cavernous  limestone,  white,  gray,  or  yellow  in  color  and  of  the  Ter- 
tiary age.  The  main  belt  of  these  beds  extends  from  the  vicinity 
of  Taylor,  Madison,  and  Suwanee  counties  southeastward  to  Pasco 
County  and  vicinity.  On  the  west  the  Lower  Oligocene  limestones  are 
separated  from  the  coast  by  a  strip  of  Upper  Oligocene  beds,  consist- 
mg  of  somewhat  harder  and  more  massive  limestones  with  occasional 
beds  of  clay.  The  Upper  Oligocene  beds  extend  northwestward  paral- 
lel with  the  Gulf  shore  to  the  western  limits  of  the  State.  On  theea^^t 
the  Lower  Oligocene  belt  is  limited  by  Octawaha  River,  beyond  which 
are  beds  of  Miocene  age  which  extend  nearly  or  quite  to  the  coast 
Toward  the  west  a  strip  of  Miocene  parallels  the  coast,  lying  south  of 
the  Upper  Oligocene,  from  at  least  Ochlockonee  River  on  the  east  to 
Apalachicola  River  on  the  west.  In  the  southern  portion  of  the  State 
the  surficial  rocks  are  of  late  Tertiary  age,  mainly  Pliocene,  and  con- 
sist of  marls,  gray,  green  and  blue  clays,  soft  limestones,  shale  bedis, 
etc.  In  the  central  part  of  the  northern  portion  of  the  peninsula 
great  thicknesses  of  sands,  mainly  of  Quaternary  age,  cover  the  older 
rocks,  while  along  the  northern  boundary  in  the  western  part  of  the 
State  occurs  the  southern  edge  of  the  mantle  of  yellow  sands,  etc., 
generally  known  as  the  Lafayette  formation.  Local  deposits  of 
coquina  and  other  late  Pliocene  and  Quaternary  materials  occur  at  a 
number  of  points  near  the  coast.  The  structure  of  the  peninsula  *i- 
supposed  to  be  anticlinal,  and  the  occurrence  of  artesian  water  would 
appear  to  bear  out  the  assumption.  Except  along  the  belt  of  Lower 
Oligocene  limestones,  where  the  land  rises  to  an  elevation  of  al>out 
250  feet,  and  in  a  few  of  the  sand  hills  the  region  is  very  low. 

UNDERCJROINI)  WATERS. 

Iluflilaml  ana, — Along  the  northern  border  of  the  State  and  in  the 
highlands  extending  southward  along  the  center  of  the  peninsula  the 
elevation  of  the  surface  generally  precjludes  flowing  wells,  the  region 
being  one  of  catchment  rather  than  of  discharge.  There  is,  never- 
theless, frecjuently  a  range  of  75  feet  or  more  in  the  local  elevation  of 
the  surface  in  this  region,  and  flowing  wells  are  not  uncommon. 
They  depend,  however,  mainl}^  on  local  conditions,  artesian  areas  of 
any  extent  being  absent.  The  waters  seldom  rise  more  than  10  feet 
above  the  surface  even  when  the  wells  are  located  in  the  lowest  depres- 
sions. Fairl}'  good  water  may  be  o])tained  in  most  instances  from 
drilled  wells  of  moderate  depth,  but  generally  pumping  has  to  l)e 
resorted  to. 


'K'oinpiled  frmn  daUi  furniMh<Hl  by  T.  VVaylaiul  Vaughan. 
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Many  of  the  depressions  and  channels  of  the  highland  area  are 
irked  by  springs,  some  of  which  have  been  developed  as  resorts, 
lile  the  waters  of  others  are  placed  on  the  market  for  medicinal 
r poses.  The  springs  are  numerous  and  frequently  of  large  size, 
t^ing  rise,  as  in  the  case  of  Silver  Springs,  to  streams  navigable  to 
f^ir  source.  The  waters,  though  hard,  generalh^  contain  little  sul- 
ur  and  iron  in  solution. 
West  coast. — From  the  highland  area  the  surface  gradually  slopes 
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^stward  and  southward  to  the  coast.  The  area,  as  a  whole,  is  very 
inly  settled,  and  relatively  few  wells  have  l)een  drilled.  In  Hills- 
ro  and  Manatee  counties,  bordering  upon  Tampa  Bay,  and  in  the 
^ion  extending  into  Polk  County  on  the  east,  there  is  a  considerable 
mber  of  flowing  wells.  Flowing  water  is  also  found  occasionally 
3m  Perry  County  westward  to  the  western  limits  of  the  State,  and 
is  probable  that  it  could  genenilly  be  obtained  if  the  region  was 
oroughly  tested.     Tlie  laud,  however,  is  relatively  low  and  ill  adapted 
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to  settlement,  and,  moreover,  contains  numerous  streams  and  springs, 
some  of  the  latter  forming  streams  of  considerable  size.  The  waten 
are  generally  charged  with  sulphur  and  are  undesirable  for  many 
purposes. 

J^j  coast. — Most  of  the  flowing  wells  of  Florida  are  located  along 
a  strip  from  20  to  40  miles  in  width,  following  the  east  coast  from  the 
northern  boundary  of  the  State  southward  to  beyond  Jupiter  Pmnt 
The  wells,  are  most  numerous  along  St  Johns  River,  which  lies  bat 
a  few  feet  above  sea  level  and  along  the  so-called  Indian  River  between 
the  main  coast  and  the  outlying  reefs.  The  waters  frequently  rise  10 
feet  or  more  above  sea  level,  and  in  some  cases  are  reported  to  rise  is 
high  as  60  feet,  indicating  that  the  waters  are  derived  from  the  high- 
lands of  the  interior.  This  tends  to  bear  out  the  assumption  which  has 
been  made  as  to  the  arched  structure  of  the  rocks  of  the  peninsula. 
Artesian  wells  are  also  found  along  the  reefs  and  islands,  but  the  shal- 
low wells  in  such  locations  are  brackish. 

The  waters  from  the  flowing  wells  of  this  belt  are  extensively  utQ- 
ized  for  irrigation  throughout  the  entire  strip,  both  on  the  mainland 
and  on  the  islands  or  keys.  They  are  usually  obtained  at  depths  of 
from  200  to  400  feet,  but  occasionally  wells  are  drilled  to  great  depths. 
A  few  very  deep  wells  failed  to  secure  satisfactory  supplies. 

Springs  of  considerable  volume,  generally  of  sulphur  water,  are 
found  along  St  Johns  River  and  on  the  coast 

Sand  area. — Overlying  a  considerable  area  in  the  north-central  part 
of  the  peninsula  and  to  a  lesser  extent  elsewhere  are  extensive  depos- 
its of  sands  of  Quaternary  age.  Throughout  this  region  the  ordinary 
wells  are  mainly  of  the  driven  type.  The  depth  is  commonly  from  10 
to  100  feet,  depending  largely  upon  the  elevation  at  which  the  well  is 
started.  The  water,  though  hard,  is  generally  not  otherwise  mineral- 
ized. In  most  instances  it  is  reported  to  be  satisfactory  as  regards 
health,  but  in  some  regions  is  not  considered  desimble  for  drinking 
purposes. 

MINERAI.  SPRINGS. 

In  1902  sales  of  mineral  water  were  reported  by  the  following 
springs:" 

Hampton  Spring,  Rocky  Creek,  Taylor  County. 
Magnolia  Springs,  Magnolia  Springs,  Clay  County. 
Orange  City  Mineral  Spring,  Orange  City,  Volusia  County. 
Panacea  Mineral  Springs,  Wakulla  County. 
White  Sulphur  Springs,  White  Springs,  Hamilton  County. 

a  Peale.  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  8.  Geol.  Survey.  1901,  p.  996. 
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The  aggregate  output  is  reported  as  21,900  gallons,  with  a  value  of 
$8,277. 

PRINCIPAIi  PUBUCAT10N8. 

Florida  [well  and  spring  records],  by  M.  L.  Fuller  and  B.  M.  Hall:  Water-Sapply 
and  Irrig.  Paper  U.  S.  Geol.  Survey,  No.  102, 1904,  pp.  238-275. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  85-87. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton,  Water- 
Sapply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  21,  22. 


ALABAMA* 


By  Eugene  Allen  Smith. 


CBYSTAIilirNlS  SCHISTS. 

Under  this  h^ad  are  included  both  the  igneous  and  the  metamorphie 
sedimentary  rocks,  which  from  their  close  texture  are  not  very  pe^ 
meabte,  and  hence  are  poorly  adapted  to  absorbing  and  atoring  under- 
ground waters,  but  which  are  very  generally  covered  with  a  mantle  of 
sandy  days,  the  result  of  weathering,  which  yield  an  ample  sapfdy  of 
water  to  springs  and  shallow  wells.  While  the  conditions  are  as  a  rale 
unfavorable  for  obtaining  artesian  waters,  there  are  two  wells  at  Alex- 
ander which  yield  abundant  water  but  do  not  overflow. 

N^ONCBYSTAIililNB  FORMATIONS. 

The  noncrystalline  formations  are  found  in  northeastern  Alabamai 
and  together  with  the  crA^stalline  schists  cover  two-fifths  of  the  State. 
The  constituent  strata  are  sandstones,  shales,  and  limestones,  in  many 
alternations  and  of  various  degrees  of  purity.  Owing  to  folding 
and  other  movements  these  strata,  with  the  exception  of  the  CoJ 
Measures,  have  a  very  decided  dip,  generally  toward  the  southeast 
They  are  not  verj'^  porous;  but  the  sandstones  and  conglomerates,  when 
their  pores  are  not  too  much  clogged  with  argillaceous  and  calcareous 
material,  are  the  most  permeable. 

Springs  and  shaU<yir  welU, — In  all  the  Paleozoic  series,  and  espe- 
cially in  the  Carboniferous,  the  siliceous  rooks  above  mentioned  are  the 
sources  of  springs  and  shallow  wells  which  }•  ield  pure  freestone  water, 
holding  in  solution  12  grains  or  less  of  mineral  matters,  mainly  the 
carl>onates  of  sodium  and  calcium. 

The  shales  are  practically  impervious,  and  where  they  prevail,  as  in 
the  flatwoods  of  the  Cambrian  in  the  Coosa  Valley  above  Gadsden,  in 
the  central  belts  of  the  anticlinal  valleys,  and  in  some  parts  of  the  coal 
fields,  most  of  the  surf  ape  springs  go  dry  in  summer  and  fall  months. 
In  some  parts  of  the  flatwoods  the  waters  from  the  shales  are  charged 
with  mineral  salts,  especially  the  sulphates  of  calcium  and  magne- 
sium— containing  as  high  as  127  gniins  to  the  gjillon.     From  certain 
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black  bituminous  snales  of  the  Devonian  containing  disseminated  py- 
rites are  obtained  strong  sulphur  waters  that  are  known  beyond  the 
limits  of  the  State.  Such  waters  occur  at  Blount,  Shelby,  St.  Clair, 
Talladega,  and  Alabama  White  Sulphur  Springs. 

The  limestones  are  very  generally  fissured,  channeled,  and  traversed 
by  caves.  Surface  springs  in  limestone  are  therefore  not  important, 
except  where  they  are  formed  by  the  emergence  of  underground 
streams.  The  "  big  springs,"  or  limestone  springs,  thus  originating 
characterize  particularly  the  Knox  dolomite  of  the  Silurian  and  the 
lower  Eocarboniferous  formation.  Some  of  the  most  noted  of  these 
big  springs  are  at  Tuscumbia,  Huntsville,  Montevallo,  Talladega,  and 
Jacksonville.     The  water  is  always  charged  with  carbonate  of  lime. 

Artesian  systems. — The  compactness  and  the  steep  dip  of  the  rocks 
in  the  Paleozoic  area  do  not  offer  favorable  conditions  for  artesian 
wells,  yet  in  a  few  cases  deep  borings  have  been  successful.  Thus  at 
Anniston  several  wells  in  Cambrian  strata  have  a  depth  of  250  to  500 
feet,  and  the  water  rises  nearly  to  the  surface,  but  does  not  overflow. 
The  supply  is  ample  for  the  furnaces  for  which  the  wells  w^ere  bored. 
On  the  southeastern  slope  of  Red  Mountain,  near  Gate  City,  there  are 
four  borings  which  reach  depths  of  25,  85,  103,  and  344  feet.  From 
two  of  these  the  water  overflows;  in  the  others,  on  slightly  higher 
ground,  it  rises  nearly  to  the  surface. 

In  the  Tennessee  Valley,  west  of  the  meridian  of  Huntsville,  the 
Eocarboniferous  strata  have  a  moderate  southerly  dip,  and  in  most  of 
the  deep  borings  the  water  rises  usually  to  within  30  feet  of  the  sur- 
face, as  near  Sheffield  and  Russellville.  A  well  near  Decatur  flows  about 
10  gallons  per  minute.  This  well  was  bored  seventy-five  years  ago, 
and  there  has  been  no  perceptible  diminution  during  this  time.  In  the 
Coal  Measures  of  the  Warrior  basin  the  moderate  and  uniform  dip  of 
the  strata  is  favorable  to  artesian  wells,  but  the  texture  of  the  sand- 
stones and  other  strata  is  not.  Deep  )K)rings  about  Cullman  and  Tus- 
caloosa reach  water  which  rises  in  the  wells  and  can  be  pumped.  At 
Jasper  a  deep  well  ovei-flowed  for  some  years  after  it  was  bored,  but 
does  not  now. 

Several  borings  in  and  near  Tuscaloosa  penetrate  the  CoaJ  Meas- 
ures and  get  a  fairly  good  supply  of  water  which  rises  in  the  wells 
but  does  not  overflow.  At  the  furnace  of  the  Central  Coal  and  Iron 
Company  the  well  yields  500  gallons  per  minute.  The  water  contains 
sodium  chloride  and  the  salts  of  magnesium  and  calcium. 

COASTAL  PL.AIN. 

In  the  Coastal  Plain  region,  which  includes  about  three-fifths  of  th<l 
State,  the  most  important  rocks  are  Cretaceous  and  Tertiary.  Th^ 
Cretaceous  overlies  the  Paleozoic  unconformably,  and  is  in  turn  over- 
lain by  the  Tertiary.     The  strata  of  both  series  ax^  ea«i^'afc^Q>\  '^^Xrx- 
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Dating  beds  of  sands,  clays,  and  limestones,  and  have  a  aligfct  Gidf- 
ward  dip,  which  aventfifes  40  feet  to  the  mile.  The  surfiwe  of  Ae 
country  slopes  in  the  same  direction,  but  at  a  much  leas  xapid  xatai 
the  elevation  being  about  600  feet  above  tide  on  the  landward  vau/^ 
and  900  feet  in  the  two  coast  counties.  Thus  the  lithologic  add  phys- 
ical characters,  the  arrangement,  and  the  gentle  unifonn  aouthivaid 
slope  of  the  component  beds  provide  requisite  conditions  tor  arteriio 
systems. 

The  Cretaceous  and  Tertiary  rocks  are  covered  unoonf ormaUy  bf 
one,  and  in  some  places  by  two,  formations  of  much  later  date  the 
Lafayette  of  Quaternary  age  and  the  Grand  Gulf  of  late  Tertiaiy  or 
possibly  Quaternary.  The  Lafayette  is  far  more  extensive  than  the 
Grand  Gulf  group,  as  it  covers  or  has  covered  the  entire  Goartd 
Plain,  and  sometimes  for  miles  overlaps  the  Paleosoic  area.  It  wm 
once  probably  continuous  over  this  region,  but  it  is  now  much  dis- 
sected, and  has  been  almost  entirely  removed  on  someareaa,  especiiDj 
the  chalk  of  the  Cretaceous  and  the  post-oak  flatwoods  of  the  TexCiuy. 
The  Grand  Gulf  group,  on  the  other  hand,  is  confined  to  the  lomr 
counties.  In  the  western  half  of  this  region  it  overlaps  the  Mioem 
and  the  uppermost  (St  Stephens)  formation  of  the  Eocene.  Towud 
the  east  it  coven  parts  of  the  Claiborne  and  even  of  the  ^*  Ugnitic,"  and 
extends  to  the  border  of  the  Cretaceous. 

The  underground  waters  in  the  Coastal  Plain  are  hence  obtained  from 
two  sources — the  artesian  water  from  older  rocks  (Cretaceous  and  Ter- 
tiary) and  the  Hurface  waters  from  the  two  surface  mantles. 

SPRINGS  AND   SHALLOW  WELLS. 

The  Lafayette  formation,  consisting  of  red  sandy  loam  overlying 
irregular  beds  of  pebbles  and  averaging  20  to  25  feet  in  thickness, 
is  most  admirably  adapted  for  absorbing  and  storing  the  rainfall 
At  its  contact  with  the  underlying  older  formations,  pure  freestone 
water  occurs  in  springs,  and  may  be  made  available  everywhere  by 
means  of  shallow  wells.  As  the  water  percolates  through  sands  and 
pebbles,  it  takes  in  solution  a  very  small  amount  of  mineral  matter, 
generally  less  than  3  grains  to  the  gallon,  of  which  carbonate  of  lime 
is  the  chief  ingredient.  Wherever  this  mantle  is  found  in  patches  of 
considerable  extent,  a  never  failing  supply  of  the  purest  water  may 
be  counted  on,  and  the  country  is  traversed  by  perennial  streams. 
However,  it  does  not  afford  the  requisite  conditions  for  artesian  sys- 
tems, (1)  because  of  the  great  irregularity  in  the  stratification  due  to 
eroiion  and  (2)  because  being  a  mantle  it  has  a  southward  dip  not 
greater  than  the  slope  of  surface. 

The  Grand  Gulf  group  resembles  the  Lafayette  and  underlies 
it  directly  wherever  the  two  occur  together,  but  is  much  more  lim- 
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,  ited  in  distribution  and  more  uniform  and  regular  in  stratiiiciition. 
It  is  therefore  well  adapted  to  serve  as  a  water  reservoir.     Its  waters, 

,  like  those  of  the  Lafayette,  are  in  general  exceptionally  pure,  though 
sometimes  highly  charged  with  dissolved  salts,  mainly  carbonate  of  lime. 

,  In  the  best  of  them  there  are  not  more  than  5  grains  of  mineral  matter 
to  ^e  gallon.  Freely  flowing  springs  and  perennial  streams  are  not, 
however,  so  characteristic  of  this  as  of  the  Lafayette.  Shallow  ponds 
and  depressions,  where  the  moisture-loving  plants  constituting  the 

^  "  pine-barren  "  flora  find  their  most  favorable  conditions  of  existence, 

^  are  typical  features  of  the  Grand  Gulf  territory. 

3  This  formation  is  an  admirable  cover  for  artesian  waters,  becwise 
of  the  thick  stratified  clays  in  its  upper  members.  Over  a  large  por- 
tion of  this  region,  notably  about  Brewton  and  Pollard  and  other 
localities  in  Escambia  County,  water  of  good  quality  flows  from 
borings  100  to  400  feet  deep.     The  water  is  obtained  in  part  from  the 

'  Grand  Gulf  group  and  in  part  from  the  underlying  Tertiary  beds. 

"  Springs  and  shallow  wells  which  obtain  water  from  the  older  forma- 
tions vary  in  character.    If  they  have  their  origin  in  the  great  sand  for- 

'  mations  of  the  lowermost  Cretaceous  and  of  the  Tertiary,  they  are 
numerous  and  reliable,  though  the  water  is  sometimes  unpalatable 
because  of  much  dissolved  mineral  matter.     In  the  limestone  forma- 

'  tions  of  the  middle  Cretaceous  and  upper  Tertiary,  surface  waters  are 
small  in  amount  and  unreliable,  compelling  recourse  to  artesian  wells. 

ARTESIAN   WATER  SYSTEMS. 

The  materials  and  the  structure  of  the  Coastal  Plain  formations  are 

favorable  to  aiiiesian  wells,  as  the  strata  are  composed  of  sands  and  clays 

in  many  alternations,  and  have  a  moderate  and  uniform  dip  southward. 

s      The  two  lowermost  divisions  of  the  Cretaceous — the  Tuscaloosa  and 

3  the  Eutaw-T-are  prevailingly  sands,  alternating  with  sheets  of  clay. 

5  The  Tuscaloosa  is  of  fresh- water  origin,  while  the  Eutaw  is  a  marine 

7  deposit.    The  water  obtained  from  the  Tuscaloosa  beds  holds  usually 

I?  less  than  15  grains  of  dissolved  solids  to  the  gallon,  mainly  the  car- 

'  botiates  of  lime  and   sodium,  with   smaller  proportions  of  sodium 

chloride  and  magnesium  carbonate.     The  potable  waters  of  the  Eutaw 

aands,  on  the  other  hand,  contain  from  15  to  30  grains  of  solid  matters 

per  gallon,  and  the  chloride  and  carbonate  of  sodium  predominate, 

though  occasionally  the  carbonate  of  lime  is  more  abundant.    Some  of 

these  waters  are  brines,  holding  as  much  as  260  grains  of  sodium 

chloride  to  the  gallon. 

In  the  area  of  the  Selma  chalk  which  immediately  overlies  the 
Eutaw  surface  waters  are  practically  nonexistant  except  in  wet 
weather,  and  recourse  must  be  had  to  artesian  wells  or  to  cisterns  sunk 
in  the  solid  chalk  rock.  In  this  section  most  of  the  artesian  wells 
obtain  water  from  the  Eutaw  sands,  which  are  300  feet  thkk^\A  \ss. 
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which  four  water  horizons  are  recognized  by  well  borers.  The 
or  lowermost  is  generally  the  strongest  and  most  reliable,  y 
generally  flowing  water  where  the  altitude  is  not  over  315  feel 
tide.  In  the  eastern  part  of  this  area,  in  Russell  County  partic 
the  water  sometimes  rises  to  altitudes  of  300  feet. 

Along  the  southern  border  of  the  chalk,  as  at  Livingston  and  I 
artesian  borings  must  traverse  the  entire  thickness  of  the  lime< 
1,000  feet — before  reaching  the  water-bearing  sands.  Near  the 
em  border,  of  course,  the  borings  are  much  shallower,  but  I 
order  to  get  a  copious  and  reliable  water  supply,  the  boring 
frequently  go  deep  into  the  Tuscaloosa  strata  underlying  the 
The  upper  members  of  the  Tuscaloosa  contain  much  purp 
reddish  clay,  generally  referred  to  by  the  well  borers  as  the 
kaolin." 

Hundreds  of  artesian  wells  supply  the  plantations  of  the 
belt  across  the  State  and  many  cities,  among  which  are  Eutaw,  ( 
boro,  Marion,  Selma,  Demopolis,  Uniontown,  Montgomery,  and 
Springs. 

The  uppermost  of  the  Cretaceous  formations,  the  Ripley,  is 
of  calcareous  sands  which  weather  at  surface  into  loose  sands  i 
well  adapted  to  collecting  and  storing  surface  waters.  Sprin 
shallow  wells  in  consequence  generally  afford  an  ample  su; 
water,  which  is  usually  limy.  Below  the  belt  of  weathering,  he 
these  beds  do  not  appear  to  be  very  permeable,  as  is  shown 
failure  of  most  of  the  deep  borings  into  them. 

Near  the  base  of  the  Tertiary,  west  of  Alabama  River,  200 
massive  clays  give  rise  to  the  post-oak  flatwoods  which  are 
terized  by  heavy  cold  soils,  defective  drainage,  and  deficie 
springs  and  surface  waters  generally  during  the  dry  seasons 
shallow  wells  sunk  into  these  clays  give  a  scanty  and  unreliable 
of  water  which  is  often  unfit  to  drink  because  of  excess  of  di 
salts,  especially  magnesium  sulphate,  which  is  sometimes  pre 
the  amount  of  100  to  210  grains  per  gallon.  Waters  of  this  ch 
from  wells  near  York  and  Curls,  in  Sumter  County,  are  exte 
used  for  medicinal  purposes.  The  failure  of  the  underlying 
sands  to  supply  good  artesian  water  is  a  great  drawback  to  tl 
woods  territory. 

EoLHt  of  Alabama  River  the  prevailing  beds  near  the  base 
Tertiary  are  limestones,  which  in  Barbour  County  are  of  si 
thickness  to  give  rise  to  caverns,  "  Big  Springs/'  and  water  cor 
similar  to  those  of  other  limestone  areas. 

In  the  "  Lignitic  "  group  of  the  Tertiary  the  alternations  of  sai 
clays  and  their  uniform  moderate  dip  are  favorable  to  artesian  s; 
and  two  artesian-water  horizons  are  well  known,  the  Nanafalia ; 
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Ilatchetigbee.  The  same  conditions  prevail,  also,  in  the  lower  part  of 
the  Claiborne  division,  but  the  St.  Stephens  limestone  at  the  top  of  the 
Ek>cene  is,  of  course,  not  to  be  counted  among  the  good  water  bearers. 
In  the  Tertiary  area  of  Alabama  the  artesian  wells  are  not  so  common 
as  in  Mississippi,  but  there  are  enough  of  them  to  prove  that  artesian 
water  of  good  quality  may  be  had  in  abundance.  The  abundance  of 
good  water  furnished  by  the  Lafayette  formation  has  rendered  the 
sinking  of  artesian  wells  for  individual  use  unnecessary,  but  many 
towns  in  the  lower  counties  have  recourse  to  deep  borings  for  their 
supplies,  and  the  number  of  artesian  wells  increases  yearly. 

The  late  Tertiary  (Miocene)  formations  underlying  Mobile  and 
Baldwin  counties,  have  likewise  all  the  requisites  of  artesian  systems. 
In  and  near  the  city  of  Mobile  several  wells,  700  to  1,550  feet  deep, 
obtain  abundant  water,  which  is  sometimes  potable  and  sometimes 
excessively  salty.  On  the  coast  at  Bayou  La  Batre  an  artesian  well 
supplies  the  canning  factory.  It  is  580  feet  deep,  and  the  water  rises 
15  feet  above  the  surface.  The  water  holds  only  14.4  grains  of  dis- 
solved mineral  salts  per  gallon,  chiefly  the  chloride  andt;arbonate  of 
sodium. 

BRINE   AND   GAS   WELLS. 

This  record  would  be  incomplete  without  some  reference  to  the  brine 
B.nd  gas  wells  of  Washington  and  Clarke  counties,  which  occur  along 
the  southern  border  of  the  Hatchetigbee  anticline  and  its  southeast- 
^waixl  prolongation.     Most  of  these  borings  are  located  in  the  palmetto 
flats  of  small  creeks,  near  their  mouths,  and  at  the  base  of  hills  capped 
^-ith  the  St.  Stephens  limestone.     Beginning  in  Claiborne  strata  at  the 
surface  they  penetrate  100  to  400  feet  into  the  underlying  Hatchetigbee 
sands.     The  water  rises  to  the  surface  in  all  cases,  and  at  many  points 
tihere  are  natural  brine  oozes,  which  may  be  converted  into  reservoirs 
of  salt  water  by  inclosing  an  area  of  15  or  20  feet  diameter  by  a  pali- 
sade of  heavy  timbers  and  digging  out  the  interior.     During  the  civil 
war  the  brine  from  these  wells  and  reservoirs  was  extensively  used  in 
the  manufacture  of  salt.     In  most  cases  natural  gas  in  considerable 
quantity'  accompanies  the  salt  water,  and  frequently  the  weak  brines  are 
strongly  impregnated  with  sulphuretted  hydrogen  gas,  producing  the 
most  palatable  sulphur  waters  in  the  State. 

Of  this  character  are  the  waters  of  the  well  at  Jackson,  in  Clarke 
County,  and  at  several  of  the  salt  works.  Natural  gas  is  also  asso- 
ciated with  the  salt  waters  from  other  horizons.  The  deep  well  at 
Cullom  Springs,  Choctaw  County,  yields  much  gas  along  with  salt 
water,  and  the  Bascomb  well  near  Mobile  throws  up  a  foaming  jet  of 
mingled  salt  and  gas,  which  on  ignition  burns  with  a  flame  several  feet 
in  height. 
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MlNEKAJj  8PRING8. 

Of  the  many  largo  springs  only  eight  were  reported  in  19(>2 
izing  their  water  for  shipment.     These  springs  are  as  follows: 

Bailey  Springe,  Bailey  Springs,  Laaderdale  Ck)tmty. 

Cherokee  Spring,  Citronelle,  Mobile  County. 

Healing  Springs,  Healing  Springs,  Washington  County. 

Ingram  Lithia  Springs,  Calhoun  C'Ounty. 

Macliregor  Spring,  Spring  Hill,  Mobile  County. 

Talladega  Springs,  Talladega  County. 

Wilkinson's  Matchless  Mineral  Wells,  Greenville,  Boiler  Connty. 

York  Aperient  Well,  York,  Sumter  County. 

The  total  output  is  placed  at  68,050  gallons,  with  a  value  of  t 
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MISSISSIPPI. 


By  L.  C.  Johnson. 


GEOIiOGY. 


The  geologic  structure  of  Mississippi  is  very  simple,  but  the  details 
of  the  distribution  of  various  formations  are  hard  to  make  out  owing 
to  the  extent  to  which  the  underlying  rocks  are  concealed  by  more 
recent  deposits,  such  as  the  river  alluvium,  loess,  and  Orange  sand  or 
Lafayette  formation. 

The  oldest  rocks  in  the  State  are  comprised  in  a  series  of  limestones 
of  Mississippian  (''Lower  Carboniferous")  age,  which  outcrop  in 
northeastei-n  Mississippi  and  cover  much  of  Tishomingo  County,  and 
a  small  portion  of  Itawamba  County.  South,  southwest,  and  west  of 
this  older  rock  mass  outcrop  successive  parallel  bands  of  later  rocks, 
which  dip  away  from  the  Carboniferous  mass  in  a  direction  which 
varies  from  south  to  west.  Along  the  Alabama  State  line,  for  exam- 
ple, the  dip  is  practically  due  south;  along  the  Tennessee  line  it  is 
almost  due  west,  while  in  intervening  sections  it  is  southwest.  The 
amount  is  slight,  averaging  probably  about  25  to  35  feet  to  the  mile. 
Southward  or  westward  from  Tishomingo  County  newer  and  newer 
series  of  rocks  outcrop  until  recent  alluvial  deposits  are  found  along 
the  Gulf  and  Mississippi  River. 

The  distribution  of  the  more  important  of  the  geologic  formations 
are  shown  in  the  accompanying  sketch  map  (fig.  23). 

MISSISSIPPIAN    (''lower  CARBONIFEROUS")    ROCKS. 

The  Mississippian  rocks  occupy  an  area  covering  portions  of  Tisho- 
mingo and  Itawamba  counties.  They  consist  largely  of  limestones. 
They  abound  in  springs,  which  are  so  numerous  and  accessible  that 
there  has  been  little  demand  for  deep  borings,  though  open  wells  with 
a  depth  of  100  feet  and  yielding  good  water  are  not  uncommon.  A 
few  of  the  well  waters  are  mineralized.  Some  of  the  springs  issue 
from  the  Mississippian  rocks  and  some  from  the  Cretaceous  sands 
which  thinly  cover  the  harder  rocks  along  the  borders  of  the  area. 

Two  important  springs  occur  in  the  area.     The  first,  known  as  Bay 

Spring,  is  located  near  the  falls  of  Mackay  Creek,  and  may  have  its 

source  within  fissures  of  the  limestone.     The  waters  are  of  normal 

purity.     The  second  spring,  the  luka,  is  a  medicinal  spring  containing 
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('onHiclera])lo  lunounts  of  sulphur,  iron,  sodium,  and  calcium.  It  i> 
located  in  the  eity  of  the  same  name  and  has  been  developexl  as  a  health 
and  pleasure  resort. 

C'RKTA<'KOrs   r)EI»OSlTS. 

Southwest  of  the  Mississippian  area  are  th<'  Cretaceous  formations. 
These  oeeujn-  a  Im^U  outero])pinfjr  around  the  area  of  Mississippian 
rocks.     In  f^eneral,  water  may  be  obtained  in  this  section  ])v  wells  at 
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a  d(»pth  of  from  'JnO  to  l,r>(M)  feet,  the  de])th  increasing  with  the  dis- 
tance from  the  contact  with  the  Mississi])pian.  Kew  of  the  wells  flow, 
but  the  water  <^enerally  rises  to  w  ithin  easy  pum])in^  distance  of  the 
surfac(».  In  (juality,  the  water  is  usually  more  or  l(»ss  alkaline,  but  in 
R  few  wv\U  it  is  i)ure  and  soiV. 
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Tuscaloosa  fornaiion, — This  oldest  Cretaceous  formation,  which  con- 
dsts  largely  of  variable  beds  of  sands  and  clays,  is  separated  into  two 
Darts  by  a  persistent  bed  of  purplish  clay.  The  upper  portion 
generally  yields  only  small  amounts  of  unsatisfactory  water,  but  the 
ower  half  and  the  sandy  bed  at  the  top  of  the  upper  half  yield  copious 
mpplies  of  good  water.  Wells  drawing  their  supplies  from  this 
Formation  are  located  at  Columbus,  Lowndes  County,  at  Grattman, 
A^berdeen,  and  Amory,  Monroe  County,  and  elsewhere.  Springs  are 
not  uncommon  where  streams  have  cut  into  the  deposits.  Kolola 
Spring  on  Buttahatchee  River,  in  Lowndes  County,  has  considerable 
reputation  because  of  the  medicinal  properties  of  its  water,  which 
ilarries  sodium,  potassium,  magnesium,  calcium,  and  iron,  especially 
ihe  latter. 

Eiitaw  beds. — ^The  name  Eutaw  has  been  applied  to  the  sandy  beds 
«tween  the  Tuscaloosa  formation  and  the  overlying  Selma  chalk.  In 
Jabama  the  Eutaw  beds  usually  yield  saline  waters,  but  in  Missis- 
ippi  they  are  not  water  bearing,  the  wells  generally  passing  through 
lem  into  the  underlying  Tuscaloosa  formation. 

Selma  chalk  or  Rotten  limestone. — In  Mississippi  this  formation  is  not 
water-bearer,  but  throughout  the  prairie  regions  of  the  northeastern 
art  of  the  State  it  serves  as  a  cap  rock  to  the  water-bearing  bed  at  the 
>p  of  the  Tuscaloosa  formation.  There  are  more  than  a  hundred 
eep  wells  each  in  Noxubee,  Lowndes,  Clay,  Monroe,  and  Lee  counties, 
ad  there  is  a  large  number  of  wells  in  Oktibbeha,  Chickasaw, 
'rentiss,  and  Union  counties.  In  the  western  parts  of  these  counties 
aere  are  fewer  wells  than  in  the  eastern,  not  because  of  the  impos- 
ibility  of  obtaining  water,  but  because  the  wells  must  be  deeper  and 
re  therefore  more  costly. 

The  regularity  of  the  water-bearing  beds  as  shown  by  the  wells 
ndicates.  there  has  been  no  material  disturbance  or  dislocation  of  the 
leposits  beyond  a  simple  tilting  westward  from  the  contact  of  the 
iotten  limestone  and  Tuscaloosa  beds  at  the  rate  of  25  feet  to  the  mile. 

Ripley  beds. — ^The  Ripley  beds  in  Mississippi  consist  of  a  series  of 
Kinds,  marls,  and  limestones  outcropping  west  and  southwest  of  the 
Selma  chalk  or  Rotten  limestone.  Until  recently  no  water  supplies  of 
mportance  had  been  obtained  from  these  beds,  but  abundant  water 
a8  lately  been  found  in  a  number  of  wells  at  Ekjru,  in  Pontotoc 
'Ounty.  The  wells  appear  to  be  located  in  a  local  syncline  or  trough 
fid  have  an  average  depth  of  about  200  feet.  Most  of  them  flow  at 
^e  surface. 

ISprings  are  not  abundant  in  the  Ripley  beds,  but  they  frequently 
c^cur  along  its  contact  with  the  overlying  Lafayette  sands  and  gravel. 
he  large  Blue  Mountain  Spring  is  an  example  of  this  type.  It  car- 
^s  a  small  amount  of  calcium  and  magnesium  carbonates,  derived,  it 

supposed,  from  the  underlying  marls  of  the  Ripley  beds« 
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TERTIARY   DEPOSITS. 

\Vc8twai*d  from  the  limits  of  the  Selma  chalk  or  Rotten '. 
to  the  deltii  district,  and  southwanl  to  the  southern  porti^ 
State,  lies  the  broad  belt  of  Tertiary  deposits,  which  have  be€ 
into  a  considerable  number  of  formations,  each  of  which  is  a 
below. 

MUbray. — ^The  Midway  beds  consist  of  limestones  over 
Kipley  sands,  marls,  etc.  The  thickness  is  sli|2:ht  and  the 
carry  any  considerable  amount  of  water. 

**Z/f/w/Y/V"  gwup. — One  of  the  most  important  divisionH  oi 
tiary  is  the  "Lignitic"  group,  which  is  further  subdivided  in 
into  (1)  the  Sucarnochee,  consisting  of  black  clays,  (2)  the 
(8)  the  Nanafalia,  (4)  the  Basin,  and  (5)  the  Hatchetigbee  foi 
The  last  four  consist  largely  of  gray  lignitic  clays,  with  oe(*asi< 
beds  and  some  water-bearing  sand. 

The  genenil  structure  of  the  region  underlain  by  the  Ligni 
is  favorable  to  obtaining  water,  both  by  wells  and  springs. 
face  elevation,  however,  is  so  nearly  uniform  that  even  dee] 
seldom  i)roduce  flowing  wells.  Where  the  streams  have  cut 
deposits  numerous  springs  issue  from  the  banks,  except  in  tl 
the  Su('arno<*hee  formation. 

The  Sucarnochee  formation  is  a  deep  black  clay,  very  inipe 
water.  Springs  frecjuently  issue  from  the  more  jwrous  bcdst 
it,  but  it  is  itself  practically  destitute  of  water. 

Tlie  Njiheola  formation  contains  a  few  sandy  l)eds  yieldi 
flows  of  wat<'r.  Wells  at  I^uderdalc  i)enetrate  these  beds  s 
of  from  !<)(»  to  200  feet,  and  obtain  weak  flows  rising  2  or  3  fc 
tli<*  surface.  Similar  wells  have  been  obtained  in  this  forn 
s<'att(M-injr  i)()ints  elsewhere.  Some  of  the  largest  springs  oi 
sip])i  ai)p(Mir  at  the  contact  of  the  Naheola  with  the  underlyi 
of  th(»  Sucarnoch(»e  formation.  Like  the  Naheola  these  foi 
consist  of  grayish  lignitic  clays  with  occasional  marl  and  sai 
They  are  not  inii)ortant  water  horizons.  At  Meridian 
penetnited  tin*  ''Lignitic''  strata  from  the  Hatchetigbeo  dow 
Sucarnochee,  but  the  water  only  rose*  to  within  20  feet  of  the 

There  are  a  number  of  springs  from  the  Nanafalia  fomiatioi 
which,  the  Lauderdale,  is  of  considerable  importance.  The 
which  carry  considerable  sulphur,  issue  from  lignitic  beds  on; 
of  the  Sucarnochee  River,  near  Lauderdale.  A  health  resort 
developed  at  the  si)ring. 

The  llatchetigbee  formation  is  similar  to  the  preceding 
formations,  l>ut  carries  thicker  IhhIs  of  sand,  and  is  therefore 
important  water-bearing  formation.  It  underlies  a  considen 
tion  of  the  delta  deposits,  and  is  thought  to  l)e  the  source  of 
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the  wells  drilled  through  the  deposits  of  the  delta  at  Memphis,  Tenn., 
Tunica,  Coahoma,  Quitman,  Tallahatchie,  Leflore,  Sunflower,  Bolivar, 
and  other  places.  The  depth  constantly  increases  toward  the  south 
and  west  from  850  to  1,300  feet. 

The  most  important  spring  in  the  Hatchetigbee  deposits  is  the  Arun- 
del Lithia  Spring.  The  water  issues  from  the  Hatchetigbee  sands, 
(vhere  Oktibbee  River  and  Sowoshee  Creek  have  removed  the  Buhr- 
itone  and  cut  away  the  sands  down  to  the  stiff  clay  beneath.  Consid- 
erable amounts  of  the  water  are  Sold.  The  whole  of  the  adjoining 
•egion  is  marked  by  numerous  springs,  but  in  general  none  of  them 
lave  been  improved  nor  the  water  marketed. 

TaUalvatta  fai^mation  (buhrstone). — The  Tallahatta  formation  con- 
sists essentially  of  a  series  of  hard  sandy  beds,  more  or  less  porous  in 
>laces,  comprising  the  lower  portion  of  the  Claiborne  group.  It  cou- 
sins little  water  in  itself,  but  forms  an  impervious  cap  rock  to  the 
urater-bearing  sands  of  the  underlying  Hatchetigbee.  By  its  resist- 
ance to  erosion  the  Tallahatta  has  given  rise  to  an  elevated  ridge  which 
s  of  much  assistance  in  the  location  of  water-bearing  beds.  Water 
prhich  rises  to  a  greater  or  less  distance  is  almost  always  found  beneath 
it,  the  local  topography  determining  whether  the  well  will  flow  or  not. 
This  horizon  supplies  the  wells  at  Stonewall  (800  feet),  Quitman  (500 
feet),  Enterprise  (200  feet),  all  in  Clarke  County;  at  Grahams  Switch 
(90  feet),  and  Meehan  Junction,  in  Lauderdale  County,  and  at  Chunky 
and  Hickory  (500  feet),  in  Newton  County.  It  is  also  probable  that 
the  artesian  flows  at  West,  Pickens,  Durant,  Tchula,  and  Lexington, 
in  Holmes  County,  are  from  the  same  source.  To  the  above  list  may 
|)08sibly  be  added  the  deep  wells  at  Jackson,  Hinds  County  (964  feet), 
•nd  at  Canton,  Madison  County  (1,020  feet),  both  of  which,  however, 
•rere  bored  through  the  Jackson  and  Claiborne  marls  before  pene- 
St^ting  the  Hatchetigbee  beneath  the  buhrstone. 

Liftbon  formation  {calcareous  Claiborne). — This  formation  consists 
^^  marls  and  green  sand,  and  has  a  total  thickness  of  about  300  feet, 
t^  contains  several  minor  beds  of  ferruginous  water-bearing  sands,  but 
^^>ne  of  them  are  as  persistent  as  the  Hatchetigbee.  One  of  these  beds 
*  encountered  at  300  feet  at  Shubuta,  and  at  500  feet  at  Waynesboro, 
^te  water  from  these  wells  is  colored  by  the  iron,  and  is  also  highly 
Lkaline. 

A  local  sand  bed  of  the  Lisbon  formation  yields  colorless,  but 
kalybeate  water  in  the  double  wells  at  Shubuta,  and  in  the  wells  at 
^e  Soto  and  Pachuta.  The  water  in  the  last  well  only  comes  within 
^^  feet  of  the  surface. 

Springs  are  by  no  means  rare  in  the  Lisbon  area,  but  they  are 
r^nerally  supposed  to  come  from  the  overlying  Lafayette  sand.  A 
^W,  however,  are  probably  of  deeper-seated  origin.  The  Archusa 
spring,  near  Quitman,  Clarke  County,  is  derived  from  theae  boda. 
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The  wattM-  is  sulphurous  and  alkaline.  The  Pierce  Spring, 
Imnks  of  Bucatanna  Creek,  in  eastern  Clarke  C!ounty,  is  al8i> 
mineralized.  The  Ko1)inson  Spring,  in  Madison  County,  v 
lKH»n  dev(»loiHHl  as  a  health  report,  yields  water  similar  to  th 
springs  in  Clarke  County. 

pfavkHOii  and  Vlokahurg  format ionn, — These  two  formatioi 
may  be  grouped  together,  consist  of  marls,  clays,  and  limes 
latter  predominating  in  the  upper  or  Vicksburg  division.  1 
f«»w  sjindy  lH»ds  and  artesian  waters  are  generally  lacking.  1 
ing  wells  l(K»ate<l  in  the  area  of  outcrop  obtain  water  from 
ruginous  sands  of  the  Lisbon  formation  at  Shubuta  and  Way 
and  from  the  IIatchetigl)ee  sands  at  Jackson  (9()4  feet)  am 
(1,020  feet).  An  important  minend  well,  known  as  the  Coo 
is  located  H  miles  east  of  Raymond.  It  is  90  feet  deep,  an 
point  has  l)een  develoinnl  the  most  important  health  resort  in  t 
The  water  contains  iron,  magnesia,  soda,  and  sulphur.  A  not 
known  mineral  well,  near  Ilazlehurst,  Copiah  County,  obtai; 
from  this  formation.  The  water  is  impregnated  with  8od 
magnesium  chlorides  and  calcium  sulphates.  It  occurs  at  a 
<W  feet,  prol)ably  in  a  lignite  In^d.  A  third  mineral  well  o 
tance  is  the  (lodlmld,  IJ  miles  from  Summit,  Pike  County. 

Springs  in  tlie  urea  of  outcrop  of  this  formation  are  really  : 
sands  and  gravels  of  the  overlying  Jjiifayette.  The  }>e.st  fc 
these  break  out  along  Paulding  Ridge,  in  Jasper  County. 
issuing  on  the  north  side  generally  yield  pure,  soft  water:  ■ 
the  M>utli  are  usually  miniMalizcd.  The  Phaiti  Spring  (siv. 
R.  I'l  K.):  Hay  Spring,  at  Baysi)ring  i)ost-office;  Donald's 
s[)ring,  near  Weenis;  and  Vosburg  and  Statfoiti  springs,  in  \ 
vicinity,  are  among  the  most  important. 

(rntml  irulf  t/rttujt,  Th(»  (Jnuui  (lulf  is  by  far  the  most  e 
formation  in  tlu'  State,  and  consists  of  a  variable  series  of  san 
sands,  and  lignitic  clays.  Practically  every  sand  bed,  of  whi^ 
are  a  great  numlMM",  is  water  bearing,  and  supplies  are  obta 
tiug,  bored,  and  drilled  wells.  \Vh(»re  stream  erosion  has  cut 
beds  to  any  considerable*  distance  springs  CK'cur.  At  Ilatt 
Laurel,  Hrookhaven.  and  Natehez  wat<*r  is  obtained  at  depths 
200  to  400  fe(»t,  but  ofdy  at  llattiesburg  does  it  rise  above  the 
Tlu're  an'  eonsi(lerai>le  evidences  of  undulations  of  the  l>ed 
(J rand  (iulf  area,  tin*  Howing  water  at  llattiesburg  being  reft 
a  shallow  synclinal  trough  at  that  point. 

Among  the  >[)rings  and  min(»ral  wells  may  be  mentioned  the 
sippi  Spiings  in  Hinds  County  (.sec.  'J,  T.  r>  N.,  R.  4  E.);  the  M 
Mineral  Spriugs,  Perry  County  (.sees.  1^4  and  25,  T.  5  X.,  R. 
and  Kawls  Sj)ring.  2  miles  farther  west.  The  Mammoth  S 
//j/Jcs  /jorthwest  of  Uatticsburir:,  i>  a  largt*  spring  issuing  fi 
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nitic  clays.     Both  the  Mammoth  and  Kawls  springs  are  noted  for  the 
medicinal  value  of  their  waters. 

QUATERNARY. 

Lafayette  sands  and  gravels.  —The  Lafayette  formation  is  poorly 
defined,  but  may  be  considered  as  made  up  of  a  series  of  yellowish 
or  orange  sands  and  gravels  occurring  as  a  mantle  over  the  outcropping 
edges  of  the  Grand  Gulf  and  other  formations.  Because  of  its  sandy 
and  gravelly  character  it  contains,  especially  at  the  base,  a  large  amount 
of  water,  which  is  usually'  pure  and  soft,  and  which  is  obtained  by 
shallow  wells. 

Loesii  and  loam. — The  loess  consists  of  fine  fossiliferous  yellowish 
silts,  while  the  loam  consists  of  browner  silts,  possibly  produced  by 
the  weathering  of  the  loess.  The  deposits  occur  over  the  Yazoo  delta 
region  in  the  northwestern  part  of  the  State.  Only  very  small  amounts 
of  water  can  be  obtained  in  the  loess  or  loam,  practically  all  of  the 
wells  i)assing  through  it  into  the  underlying  Lafayette  or  still  older 
formations. 

Pantchartrain  clay  and-  BUoxi  sand. — The  Pontchartrain  clay  is  a 
greenish  clay  occurring  in  a  narrow  belt  in  the  extreme  southern  part 
of  the  State,  and  separated  from  the  coast  by  a  very  narrow  strip  of 
sandy  beds,  known  as  Biloxi  sands.  Shallow  wells  in  these  two  for- 
mations everywhere  obtain  abundant  water  at  shallow  depths,  although 
the  quality  is  not  always  satisfactory.  To  obtain  flowing  water  the 
wells  must  extend  to  the  Grand  Gulf  formation.  Water  is  found  at 
depths  of  approxunately  400,  600,  700,  850,  and  900  feet 

The  buckshot  lands  of  the  delta  have  sometimes  been  referred  to  the 
Port  Hudson  group, which  includes  the  two  formations  under  discussion. 
The  water  is  generally  fairly  abundant  and  soft,  but  has  not  been  found 
to  be  wholesome  for  drinking.  In  the  northern  part  of  the  delta  area 
water  can  be  obtained  from  deep  wells  reaching  to  the  Tertiary  beds. 

Alluvium. — Under  alluvium  are  included  the  surface  materials  of 
the  Mississippi  delta  region  and  the  deposits  in  the  lower  portions  of 
the  courses  of  other  large  streams.  The  waters,  though  soft,  are  not 
regarded  as  wholesome. 

MINERAT^  WATERS. 

In  1902  shipments  of  mineral  water  were  reported  from  the  follow- 
ing seven  springs: 

Arundel  Lithia  Springs,  near  Meridian,  Lauderdale  County. 

Browns  Wells,  Browns  Wells,  Copiah  County. 

Castalian  Springs,  near  Durant,  Holmes  County. 

Godbold  Mineral  Well,  near  Summit,  Pike  County. 

Lowes  Wells,  Hazlehurst,  Copiah  County. 

Robinson  Mineral  Springs,  Robinson  Springs,  Madison  County. 

Stafford  Mineral  Springs,  near  Vosburg,  Jasper  County. 
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The  aggregate  amount  sold  is  reported  as  459,485  gallons,  valued  at 
$77,868. 

PRINCIPAIi  PUBI^ICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  8.  Greol.  Survey  No. 
32,  pp.  95-97. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt  1,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  57. 

Mississippi  [well  records],  by  L.  C.  Johnson  and  E.  C.  Eckel:  Water-Supply  aivl 
Irrig.  Paper  U.  8.  Geol.  Survey  No.  102,  pp.  332-357. 


LOUISIANA  AND  SOUTHERN  ARKANSAS.- 


By  A.  C.  Veatch. 


GENERAIi  GEOIiOGY. 

Louisiana  and  Arkansas,  south  of  Arkansas  River  and  the  mountains, 
have  the  same  general  structure  as  the  great  American  Coastal  Plain,  of 
which  they  form  a  part.  The  land  is  highest  toward  the  old  plateau 
and  mountain  region  to  the  northwest.  The  beds  are  for  the  most  part 
unconsolidated,  succeed  one  another  in  more  or  less  regular  succession, 
range  in  age  from  Cretaceous  to  Recent,  and  in  general  have  a  dip 
cojistward  that  is  greater  than  the  slope  of  the  surface.  This  relation 
of  dip  to  surface  slope  supplies  conditions  which  are  favorable  for 
artesian  water,  therefore  flowing  wells  should  be  expected  in  many 
parts  of  the  Coastal  Plain.  In  some  cases  the  leakage  and  resistance 
of  the  sands  so  reduces  the  pressure  that  the  water  will  not  flow, 
although  the  altitude  of  the  well  mouth  is  less  than  that  of  the  point 
where  the  sands  come  to  the  surface  and  where  the  water  enters;  in 
others,  erosion  has  so  changed  the  surface  of  the  plain  that  the  well 
mouth,  though  south  of  the  outcrop  of  the  water-bearing  bed,  is  higher, 
and  the  water,  therefore,  will  not  flow.  In  Louisiana  and  southern 
Arkansas  the  older  beds  slope  toward  the  Mississippi  Valley  as  well 
as  toward  the  coast.  Some  of  these  older  beds  are  very  much  dis- 
turbed and  form  peculiar,  sharp  domes,  and  as  the}'^  often  contain  salt 
water,  and  are  frequently  broken  by  the  folding,  the  salt  water  is  free 
to  pass  into  the  sands  of  the  surrounding  younger  formations.  While 
these  domes  disturb  the  conditions  in  certain  tracts,  there  are  still 
larger  areas  in  which  wells  have  found  good  water.  A  study  of  these 
well  records  and  of  the  general  structure  of  the  country  shows  that 
the  following  principal  water  horizons  are  present:  BIngen  sand, 
Nttcatoch  sand,  Sabine  sands,  Catahoula  sandstone.  Pliocene  and 
Quateirnary  sands  and  gravels. 

The  relation  of  these  beds  to  one  another  is  shown  in  tigs.  24  and 
25,  and  their  geologic  age  and  relation  to  adjacent  beds  are  shown  in 
the  table  following. 

« A  preliminary  statement.  A  detailed  report  on  this  ar^i,  embodying  records  of  all  important 
wellR  and  well  prospects  for  each  county  is  now  in  preparation  and  will  be  ready  for  distribution 
late  in  1905.       ^ 
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Piriod  Of  tetiiB-Etioft* 
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OontmnB  gimvel  and  mtn6  becli 
tht*  maiti  Hupply  t>f  water  la 
itinii. 

Ah  stirficial  def^oentfl  on  the  ap' 
valleys,  supply  niach  a^^ 

No  fliirfflwf*  oiitrmp^  and  hc^l 
iiiifx>rtfiiK'e  am  a  wutt^r  ii4>rix( 

CUiyttgnd  timrly  chyn;  no  w«^ 

Tim  coiiTBer  etintbtont*  layem  o 
furn  bh  ti  3(  4^  1 1 1'  nt  wa  te  i%     Tb 
JEOitH  have  l>t*t*ii  i.U*velaf»cHl* 

Kxpoaed  in  only  one  pMrt  of  1 
110  impofUnue  from  a  w«t« 

CUiynanrl  day  ntArlt^  svllii  ijc^^ns 

The  winily    J»c«b  **eiMirring  in 
the  fonnatii»ii  an^  eiLH-iiuti  ta  i 

Clays  and  day  marla  rotit^iliiii 
little  iiii}.ftOri^nc«  aa  wattir  hn 

The  fiandi  at  ih'm  fortiuition  at^ 
water  lioKionH  of  t  bu  gn^lrr 
Iji.kitTi<iumi  mid  uiljairetit  piirtii 

KxtKM^  only  to  altmitcix)  eict«i 
toe  area,  nnd  uninifH.»rULut  aa 

Clay  t>ei1e,  whif^h  serve  ta  r 

One  of  the  most  eicteneiveljr  d 
aanda  of    thii^    rei^on.      Ve 
near  the  outcrop,  but  brac^L^ 
\Clay6f  elay  marln,  and  diftlki 
j      water  in'  tiit;  Biijgen  atuids. 

Hloc0nt.....«..,--fi..*. 

OitiihoaUi 

Vick§burg 

Boomio: 

Jftcluioii ^«.. 

Oocktleld--- „ 

CUboni^,... 

Mriii#«.,.p,„, i 

A  rkoJelphm 

Nacatcich -.._ 

Mwllirook 

AnnoDA  . . ^ ^  ^     ^  *-, 

Brow  R/itOH  ti  ..>,*... 
Bin|^[i  . ,, _.- 

FeraiBtent  landy  beil,  fumialij 

a  wide  art^a. 
Not  known  to  contain  an^r  Im 

bearing  kver»  iit  tbia  r^oi 

peat  devefopTueiit  in  ea^ten 
lead  lis  1o  exf>ect  eome  dev^eld 
Hard  roek  layer  very  innch  dii 
tiki  IIS  water*'  but  its  oeeurrem 
pretlicted  until  the  geidt^y  r 
DdJnutelv  underafcood.     In  gei 
good  Held  for  water  wulb* 

iBiirrk.  Q.  D„  OEi^tmic  remains  from  the  deep  well  at  Galveston*  Fourth  Ann.  B 
Teicftff,  1«W.  p.  n^.     UfiTTis,  G.  D.,  Report  of  Louisiana  Geol.  Survev  for  1902.  p.  82. 

bBxk^t^i  on  ilE|i  I'ai^'u^ations  on  the  Sabine  River,  and  on  the  thiclcness  of  these  be 
drill,  Lii,.  ui  I3-.  MIA)  ►   feet. 

rNnniH'  »Min|,^4i  Us  supplant  Li^itlc;  taken  from  typical  fosiliferous  development 
nil  the  s^bint?  Ki  ^  nr.  iu  Sabine  County,  Tex.,  and  Sabine  Parish,  La. 

tf  H«u«d  on  Wi'tF^  ^'Uth  of  Hope,  at  Arkadelphia  and  Shreveport;  may  be  in  part 

'  H&ll,  R,  T.t  Tht  Mi^^oxoic geology  of  southern  Arkansas:  Ann.  Rept.  Arkansaa  Qeci 

p.  m. 
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WATER  HORIZONS. 


Lower  Cretaceous. — The  lower  Cretaceous  occupies  the  wed^e-shapea 
territory  between  the  Paleozoic  rocks  and  the  Bingen  sands  (fig.  24). 
All  deep  wells  in  this  region  have  thus  far  failed  to  yield  water,  though 
the  extensive  development  of  water  sands  in  this  group  in  Texas  leads 


Fni.  24.— Deep-water  proHpecte  in   Louisiana  and  southern  Arkansas.    A-A,  line  of  section  shown 
in  fig.  26;  B-B.  line  of  section  shown  in  flg.  27. 

to  the  belief  that  further  attempts,  especially  in  the  western  part  of 
the  State,  will  not  be  fruitless.  The  best  water-bearing  sands  are  to 
be  expected  near  the  base  of  the  Cretaceous  or  just  above  bed  rock. 
The  depths  at  which  bed  rock  will  be  encountered  may  be  roughly 
found  by  multiplying  the  distance  in  miles  betweeu  th^  P^V^otjov^  wsJ<»- 


18S       0KBBBOROUND  WATERS,  BA8TBBN  UNITHD  8TATB.      N^Hi 

crop  and  the  point  where  the  well  is  to  be  sank  by  the  ayenge  ntfaof 
slope  of  the  bed-rock  surface,  100  to  125  feet  per  mile. 

Bingm  sand.'^— The  Bingen  sand  comes  to  the  snrfaoe  albni;  and  bobA 
of  the  line  shown  in  figs.  S4  and  36.  Along  this  line  shallow  welkin, 
therefore,  the  rule,  but  as  the  sand  dips  at  a  rate  of  50  to  75  feet  pa 


Fia.  25.— Artesian  areas  in  Louisiana  and  soutliem  Arkanaas. 

mile  in  a  southeasterly  direction,  the  wells  get  deeper  to  the  south, 
and  reach  an  extreme  depth  of  784  feet  near  Columbus,  a  little  north 
of  the  outcrop  of  the  Nacatoch  sand.  Some  failures  have  been 
reported  in  the  lower  part  of  this  territor3\  notably  at  Columbus  and 

a  Name  used  by  Hill  for  beds  which  he  doubtfully  referred  to  the  Eocene.  Theae,  with  Uie  excep- 
tion ol  a  single  Nacatoch  outcrop  which  was  incorrectly  included  in  this  series,  are  now  known  to 
pMm  beuetLth  the  BiowoBtown  and  to  repreBcntxtic  \Vx.\ot«\\K^Ql  \}ckft\MMl\i^v«r  Cretaceom. 
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Washington,  but  they  were  due  to  the  fact  that  the  wells  were  aban- 
doned before  the  required  depth  had  been  reached. 
The  greatest  development  has  naturally  been  in 
the  region  where  flowing  water  can  be  obtained 
(fig.  25).  The  maximum  depth  to  which  wells  will 
be  driven  in  this  region  will  probably  not  exceed 
900  feet,  as  before  this  depth  will  become  neces- 
sary the  Nacatoch  sands  will  appear  on  the  surface, 
making  good  shallow  wells  possible. 

The  water  is  very  soft  and  somewhat  alkaline, 
except  in  wells  which  do  not  flow  and  have  only  p 
been  partially  cased,  and  in  which  the  water  there-  | 
fore  stands  in  contact  with  the  overlying  calcare-  | 
ous  clays.  Hard  water  has  been  found  in  a  few  ^ 
wells,  as  at  Hudson  and  near  Burtsell,  but  in  these  s 
it  seems  to  occur  in  the  calcareous  beds  which  ^ 
overlie  the  Bingen  sands,  and  the  indications  are  g- 
that  if  the  wells  had  been  deepened  200  or  300  9 
feet  they  would  have  reached  the  Bingen  and  ^ 
obtained  soft  water.  '^ 

Nacatoch  sand^, — This  sand,  like  the  Bingen,   9 
is  of  very  great  value  to  a  large  section  in  south-  | 
ern  Arkansas,  where  it  is  practically  the  only  -" 
available  source  of  well  water.     In  areas  under-  F 
lain  by  the  Bingen  and  Nacatoch  sands  the  sur-   §* 
face  formations  are  rich,  calcareous  clays,  with   - 
here  and  there  thin  coatings  of  younger  gravel, 
and   the  surface  water  is   generally  hard  and 
very   unsatisfactory.      Persistent  water-bearing 
horizons,  which  are  so  well  understood  that  the 
depth  to  water  can  be  predicted  at  any  point 
and  which  will  furnish  soft  artesian  water  over 
wide  areas,  can  not  fail  to  have  a  great  effect  on 
the  development  and  land  values  of  the  regions 
which  they  underlie. 

The  Nacatoch  sand  has  been  extensively  de- 
veloped along  the  line  of  the  Iron  Mountain 
Railroad  from  west  of  Red  River  almost  to  Arka- 
delphia  (fig.  24).  It  dips  southeastward  at  a  rate 
of  from  50  to  100  feet  per  mile  until  it  reaches  a 
point  about  800  feet  below  sea  level,  when  it 
abruptly  becomes  horizontal  and  continues  so  to 


Uma7 
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L«1i0  Cbarlea 


a  point  somewhat  south  of  Shreveport,  where  it  again  slopes  normally 

a  Name  taken  from  typical  exprsure  at  Nacatoch  Bluff  on  Little  Missouri  River  in  Clark  County.   This 
formation  includes  the  sand  beds  between  the  Marlbrook  and  Arkadelphia  which  Hill  included  in  his 
Washington  or  High  Bluff  greensands  (Ann.  Rept.  Arkansas  Geol.  d\urv«^  lot  YSS^^^c^.*i^'S.^S^nV^> 
72-75, 188). 
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coastward  (fig.  26).  This  extensive  horizontal  develapm 
make  this  sand  of  great  value  over  wide  areas  were  it  n 
fact  that  south  of  a  line  which  runs  ir- 
regularly from  8  to  16  miles  from  tiie 
outcrop  the  water  is  salty.  Seemingly 
that  portion  of  the  sand  near  the  outcrop 
has  been  thoroughly  washed  by  percolat- 
ing waters,  while  that  less  favorably  situ, 
ated  is  in  its  original  salty  condition,  and 
the  saltiness  may  even  have  been  increased 
by  matter  washed  down  from  the  upper 
layers.  Developments  at  Tezarkana,  Jef . 
ferson,  Shreveport,  and  Frierson  have 
yielded  impotable  water,  which  at  the  last 
three  places  is  artesian,  indicating  an  arte- 
sian basin  covering  a  considerable  part  of 
the  Red  River  Valley  (fig.  26).  The  brine 
which  occurs  in  some  of  the  Cretaceous 
uplifts  in  northern  Louisiana  is  likewise 
from  this  horizon.  In  general,  it  is  felt 
that  that  portion  of  the  sand  which  lies 
south  of  the  area  shown  in  fig.  24  will  not 
furnish  potable  water. 

Sabine  group. — Under  this  head  is 
classed  not  a  single  well-defined  horizon 
like  the  Naeatoch,  or  Bingen,  or  other 
(Jretaceous  l)eds,  but  a  number  of  some- 
what irregular  water  sands  oci^'urriiig 
throughout  a  formation  which,  in  the 
western  part  of  this  area  attains  a  thick- 
ness of  perhaps  1,000  feet.  The  lowest 
of  these  sands  occurs  about  700  feet  above 
the  Naeatoch,  and  like  it,  is  very  nearly 
horizontal  over  a  considerable  area  (tigs. 
26, 27).  Eastward  and  southward  this  l)ed 
dips  gently  toward  the  Mississippi  Valley 
and  the  coast. 

Other  sand  beds  occur  in  the  fonnation 
above  this  one,  at  varying  distances  from 
each  other,  and  of  varying  thickness. 
Nine  have  been  developed  at  Plymouth, 
La.,  and  six  at  Kuston.  These  beds  thin 
and  thicken  very  rapidly,  so  that  in  one 
well  a  sand  may  be  developed  which  in  a  nearby  well  is  to 
give  results.     Wells,  then,  show  considerable  irregularity  : 
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tne  wells  developing  one  bed  and  some  another;  but  in  general  the 
ills  are  deeper  to  the  south  and  toward  the  Mississippi  Valley,  as 

each  ca^e  the  dip  carries  the  sands  beneath  younger  beds,  and  it 
tcomes  necessary  to  pass  through  a  certain  thickness  of  overlying 
posits  even  to  reach  the  topmost  water  sands  of  this  series. 
The  failures  in  the  southern  part  of  the  territory,  near  Natchitoches 
id  Luella,  La.,  are  due  to  the  occurrence  of  salt  water,  which  is 
>ubtless  traceable,  in  part,  to  the  neighboring  uplifts  of  the  older 
retaceous  beds.  These  beds  generally  carry  artesian  brines,  and  as 
ley  are  often  broken  the  brine  leaks  into  the  surrounding  Sabine 
mds.  In  the  region  of  these  domes  it  is  often  possible  to  predict  the 
osition  of  a  sand,  but  it  is  quite  impossible  to  indicate  the  kind  of 
ater  it  will  contain.  It  is  believed  that  the  sands  which  furnish 
rine  at  Luella  and  Natchitoches  are  a  continuation  of  the  sands 
'hich  yield  good  water  about  Shreveport. 

Cocl'field  hefU. — Overlying  the  Sabine  are  the  fossiliferous  Claiborne 
eds,  which  have  little  water-bearing  value.  Above  the  fossiliferous 
faiborne  are  the  Cockfield  beds,  which  contain  near  their  base  an 
iportant  water-bearing  horizon.  In  central  Louisiana  the  deeper 
ills  which  penetrate  this  horizon,  as  those  at  Leland,  Rochelle,  Olla, 
illos,  and  Colfax,  obtain  impotable  water,  though  an  exception  is  to 

noted  in  the  case  of  the  deep  well  at  Robinsons  Ferry  on  Sabine 
Ver,  in  which  a  soft,  pleasant-tasting  water  is  reported  at  a  depth  of 
>  10  to  1 ,030  feet.  Near  the  outcrop  successful  wells  have  been  finished 
darks  in  Catahoula  Parish,  and  at  Weavers  Spur  in  Natchitoches 
^  i-ish. 
In  southeastern  Arkansas  and  northwestern  Mississippi  this  horizon 

very  extensively  developed  and  furnishes  good  supplies  of  soft 
^al  i  ne  water  at  depths  of  400  to  500  feet  below  sea  level. **  Between  it 
n\  the  base  of  the  Jackson  in  this  region  a  number  of  water  sands 
AC  l)een  developed  in  different  wells,  but  they  show  little  regularity 
^i  the  bettor  wells  have,  almost  without  exception,  been  finished  in 
^  main  horizon. 

"The  outcrops  of  the  Cockfield  sands  in  Arkansas  and  Louisiana  are 
I  relatively  low,  and  the  water  will  gencmlly  not  rise  much  above 
►0  feet  above  sea  level.  Flowing  wells  will  be  obtained  along  the 
*iin  stream  channels  in  central  Louisiana.  In  Arkansas  and  north- 
cistern  Mississippi  the  artesian  area  is  near  the  eastern  side  of  the 
::>od  plain  where  a  relatively  higher  head  is  developed,  because  of  the 
ceater  average  height  of  the  Mississippi  hill  lands.  Water  will  rise 
3ry  near  the  surface  over  all  the  flood  plain,  but  in  Arkansas  it  is 
^garded  as  quite  impossible  that  flowing  wells  will  be  obtained. 

iThe  wells  in  Chicot,  Drew,  Bradley,  Cleveland,  and  Jefferson  counties,  except  the  deep  ones  at 
ne  Bluff,  which  are  incorrectly  marked  B  in  flg.  23,  should  be  credited  to  this  horizon. 
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Jadcmm  ftaA.— Beds  of  this  age  jpenenlly  fomiah  hud  wi 
are  therefore  not  eztensiyely  developed. 

Oatahoula  beds.'— The  sands  and  sandstone  of  tlya  fonni 
good  water  carriers,  and  have  yielded  esroellenfc  resulfs  in  oem 
isiana,  where  they  furnish  flowing  wells  at  Zinunexman,  Boyi 
andria,  Pollock,  and  Harrisonburg.  Seyeml  horiaoas  have  be 
oped  which  furnish  soft  water  of  a  very  good  qoalitiy,  and  it 
able  that  over  a  considerable  area  along  Onaofaita  and  Black  r 
about  Catahoula  Lake  and  Little  Kver  (fig.  85)  flowinfl^  wate 
expected  from  these  sands.  Flowing  wells  will  doabdeaa  be 
in  Sabine  River  Valley  below  the  outcrop  of  the  CSatahooIa, 
cated  by  the  water  obtained  frcMn  these  beds  on  the  Angel 
Bockland,  Tex. ;  but  in  the  high  hill  region  about  Leesville 
will  probably  be  very  deep,  and  the  water  will  have  to  be 
some  distance. 

PliooeM  and  Quaternary  gravd9.—T!fiM^  sands  and  j^niveis 
a  hrge  portion  of  southern  Louisiana,  and  should  donbtlesB  be 
as  the  most  important  water  horixon  in  the  Slate.  The  oat 
the  hill  lands  are  hrge,  and  therefore  the  amount  of  rainwatei 
into  them  is  great  Covered  with  the  more  recent  mairtal  oh 
furnish  artesian  water  over  considerable  areas  (fig.  24),  and  < 
larger  areas  (fig.  26)the  water  rises  so  near  the  surfiu)e  that  it  i 
available  for  irrigation  and  other  uses.  In  the  Mississippi 
and  sometimes  toward  the  coast,  the  water  in  these  beds  is  { 
so  charged  with  various  soluble  salts  that  it  is  of  little  value. 
the  main  river  valleys  in  northern  Louisiana  and  southern  1 
there  are  thick  deposits  of  sand  and  gravel  partially  filling  the 
leys.  In  this,  limited  supplies  can  be  obtained  from  driven 
no  great  depth,  hut  when  large  supplies  are  needed  wells  si 
pushed  to  the  main  gravel  bed,  which  overlies  the  older  Cretao 
Tertiary  strata.  This  can  be  reached  at  depths  ranging  from  \ 
feet. 

MINERAIi  SPRINGS. 

Although  there  are  many  smatt  springs  scattered  throughc 
isiana.  only  three  reported  sales  for  1902.     These  were  as  foil 

Abita  Springs,  Abita  Springs,  St  Tammany  Parish. 
Mandeville  Springs,  St.  Tammany  Parish. 
Ozone  Springs,  Peari  River,  St.  Tammany  Parish. 

The  total  output  was  499,261  gallons,  with  a  value  of  $48,5< 


a  Name  propoiied  from  tjrpical  development  of  formation  in  Catahoula  Parish,  La.,  i 
lower  or  tjrplcal  Grand  Gulf  of  Hilirard  as  exponed  at  Grand  Gulf,  Min.  This  formatkm  I 
wndstone-bearlng  clayn  between  the  Vieksburg  and  Fleming  Oligooene. 

bA.  C.  Peale.  U.  8.  Geol.  Surrey,  Mineral  Waters.  1902. 
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DESCRIPTION  OF  THK  HTnolO-N^, 

!Riat  part  of  Arkansas  lyin^  north  of  Arknnsus  River  compS^ 
k  little  nuHv  thsiQ  half  •of  the  area  of  the  State^  or  about  :?sj(«i 
^qimre  tnil*\s»  Topographically  it  m  dividetl  ioto  two  w<*ll*defiin'd 
arean — the  eu.st(>rri  or  lowland  area  and  the  wostc^m  or  highland  anu 
Tho  avumi^t*  I'lination  of  the  lowland  area  will  pro  I  laMy  not  exern^ 
225  feet  above  «ea  leveL  The  even,  nionotonotiH  c^mrat^ter  of  the  mp 
fnvi'  h  distLirhmi  only  by  Crowleys  l{idgi\  which  f^xt4inds  north wap! 
from  MiHslssijipi  River  at  Helena  to  8t  Fnuim  Kiv^r  at  St-  Kmnrk 
tuid  mt^  Misijouri.  This  ridge  is  from  1  to  14:  mi  lew  widi\  and  in  it* 
hi^hi'Mt  imri  is  alM>at  400  feet  above  sea  lovoU  or  18(^  feot  abovB  Uie 

JaceTit  lowlands/ 

The  highlatidfcp  are  a  part  of  the  Ozark  region  and  vary  in  altittidf* 
from  less  than  600  to  2,250  feet  above  ,^a  level.  They  are  divided  inU' 
two  parts,  a  northern  and  a  southern,  each  of  which  is  a  plateau,  niin  ii 
dissected  by  streams.  The  southern  of  these  b  the  higher,  and  i> 
known  as  the  Boston  Mountains.  These  niountiuns  are  highest  intlie 
western  part  of  the  State  and  graduiUly  fall  ea^^tward,  the  ele^rtiiii 
south  of  Batesville  being  800  feet  (aneroid).  The  Boston  Mountains 
are  separated  from  the  lower  plateau  to  the  north  by  a  more  orle^* 
bold  and  irregular  escarpment,  the  hf^ight  of  which  varies  from  d<WUi 
1,000  feet.  Figs.  28  and  29  supplement  this  description  and  aid  in 
giving  a  general  idea  of  the  topography  of  the  region. 

RESOURt  E8. 

Resources  of  the  h!/fhl<inds. — ^The  miiin  ra'^ourc/esof  the  highliinds  ar^ 
its  soil,  timber,  mineral  deposits,  and  water  supplies.  While  the  mill) 
rich  soil  of  this  part  of  the  State  is  confined  niuiid y  to  the  narrow  ficKii 
plains  of  the  valleys,  much  of  the  remainder  yields  fair  returns,  and 
practically  all  of  it  is  well  adapted  to  horticulture-  All  fruits  suited 
to  this  latitude  flourish.  The  high  altitude,  to  which  the  bealthfuK 
genial  climate  is  largely  attributable,  and  the  universal  abundance  of 
pure  water  have  combined  to  make  it  a  favorable  place  for  settlement 
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ce  the  early  days  of  exploration.  The  rough  topography  has  until 
rently  prevented  the  extensive  consti-uction  of  railroads.  At  the 
^sent  time,  however,  two  important  lines  are  being  built  and  are  in 
iial  operation  over  a  considerable  part  of  their  routes.  The  region 
stains  large  areas  of  practically  imdisturbed  timber,  fine  in  quality, 
the  northern  part  is  a  large  area  containing  deposits  of  zinc  ores, 
thin  vein  of  coal  covers  a  portion  of  the  central  part  of  the  region, 
d  along  the  Arkansas  Valley  is  an  abundance  of  coal,  which  is  being 
>rked  at  nmnv  points.  Among  other  mineral  deposits  are  phos- 
late,  manganese,  building  stones,  and  clays  in  great  varieties. 


i^A^ 


Fio.  28.— Relief  map  of  Arkansas. 

Resources  of  the  lowlands, — The  wealth  of  the  lowland  region  is  in 
3  soil,  timl>er,  and  waters.  Much  of  the  soil  is  of  unusual  fertility, 
/^hile  a  great  deal  of  the  timber  has  been  removed  in  recent  years,  a 
rge  amount  still  remains.  As  a  rule,  the  population  is  densest  along 
le  river  valleys,  where  the  soil  is  richest,  and  where  transportation 
as  most  easily  secured  in  the  ^arly  settlement  of  the  State.  Along 
row  leys  Ridge  the  principal  towns  are  Helena,  Marianna,  Forrest 
ity,  Harrisburg,  Jonesboro,  and  Paragould.  The  narrow  strip  of 
md  along  Arkansas  River  extending  beyond  the  western  border  of 
iQ  Stiite  is  covered  with  flood-plain  deposits,  and  should  be  considered 
part  of  the  lowlands. 
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itmhiijtj  tiftht'  jiliitt^u  rt*ffion, — The  vockM  of  the  plateiiu 
<if  I'nkH>xoui  tt^<%  unil  i 111  hide  llie  Onlovit*iftn,  SUiiritui,  l>ijv 

CrUrl>unif*^rt)im.     OrtloA'ifiaa  vockn  uro  vx 

I  Hjs* » tl  <>  \^  e  t*  n  I  ti  r^e  ii  itni  i  n  1 1  um  u  >  ri  1 1 « *]  i-s  hM^  1 1  1 1^ 
[>jirt  of  Uir   division  sittii  fiLrtljor  vvt*st  in 

Cur  roll  County.     Thvy  nUa  occur  aloiij;?  ^ 

many  of  thi^  iHtrtnuu  valley c^  outside  thet^o  |  ^ 

a  reus  i     The  nn-ks  aro  of  ^reiit  thick  ni^^s,  ?  i^ 

a  1 1  (1  c-  DI1 8  i  Hi  um  i  ji  1  y  o  f  n  lagnrp?  i  n  n  1  i  r  1 1  psto  u  l\  |  | 

tliou^li  there  an?  a  fL*w  beds  of  T^aiidHtotJO  „  H* 

and  shak\  ^  c  & 

The  Sihiriaii  and  Devonian  rocks  an*  %  i 

exposed  along  the  i*tef'p  hill^^ides  border-  t  § 

ingtlie  valleys,     TlieSibirian  consists  of  a  g  5" 

limes^tonp  known  uh  the  St,  Chur  liine-  j| 

sttnie/'  »Lnd  tlie  Devonhin  of  sMndstoneand  §  ^ 

H 1  lalo  k  n  o  w  n ,  rospec  ti  ve  1  y  ^  as  t  h  e  Sy  him  o  re  R  | 

sandstone  and  tht;  Eureka  shale.  -1  i 

Thi3  Miaslssippian  (' "  Lou  er  Carbonifer-  I  ^ 

ouK  ^ ' )  CO  V  e  rs  most  of  th  c  u  o  r tb  er  n  d  i  v  i  sion  ^  | 

of  the  phite4iu  area  not  occupied  by  the  ?t  - 

O  rd  o  \i  c  i  a  n ,  a  n  ti  vo  n  s  i  .s  ts  o  f  t  h  t  ^  M  t  hi  re  fi  p  1  tl  !!  "^ 

»hah%   the   Boone    chert,   the   liitesville  *  ^ 

sa n dsto n e,    th e    Fa vc  tte v  i  1  le    -^^I la  1  e ,    the  =  i" 

Arebimedes  liuu^stone,  and  probaftly  some  j  | 

Hands tont^  and  sliuh*  above  the  la^^t* named  g-  S 

format ioiu    Tfie  soutliern  part  of  the  hi^^h-  |  S 

hind  arcii  is  oi'cnpied  mainly  by  rcK*ks  of  ***  o 

Pti  n  nny  I  va  n !  a  n  { ' '  I J  p  pe  r  Ca  r  bo  ni  f  erous  " )  |  "^ 

age,  con.si?4tinjj  of  8t>nie  liutestone  and  a  |  ** 

Keav}"  deposit   f>J:   sandstone    and    shale.  I  ^ 

The  rocks  arc  praeti<*ally  horizontal  over  =  ^ 

the    northern    divi?^ion    of    the    plateau  %  3 

region,  but  from  the    Hr^ston  Mountains  |  J| 

southward    they    fall   otf   by    monoclines  ^  ^ 

and  faults  to  the  Arkansas  River  Valley.  3  ^ 

The  istructure  of  the  staitlieni  piirt  is  not  I  3 

HulWciently  well  known  to  be  nhowu  in  the  ?  i 

section.  §% 

Omlogy  of  Kw   hnvhmh. — With    the  |  - 

exception  of  a  sheet  of  alhivium  over  a  9  ^ 
large  part  of  tlie  lowland  area  the  surface  roeks  of    tli 
are  of  Tert  ia  ry  age .     They  en  a  s  i  st  iv  I  \  n  os  t  e  at  i  re  ly  o  f  u  11  i  n  d  u  r 
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and  clay,  the  sand  greatly  predominating.  The  thickness  of  this 
.surface  deposit  increases  rapidly  from  the  highland  border  eastward. 
At  Newport,  according  to  the  record  of  a  deep  well  near  that  city,  on 
a  farm  owned  by  Mr.  W.  B.  Chastain,  it  is  655  feet,  that  being  the 
distance  below  the  surface  at  which  the  Paleozoic  rock  was  encountered. 
East  of  this  point  the  thickness  is  not  known. 

WATKR   RESOURCES. 

There  are  two  natural  divisions  of  the  area  under  consideration  which 
can  be  made  on  the  basis  of  their  water  supplies — the  Paleozoic  and 
the  Tertiary. 

PALEOZOIC    REGION. 

The  horizontal  position  and  diversified  character  of  the  rock  over 
the  northern  part  of  this  region  make  the  hydrologic  areas  conform 
to  the  areas  over  which  water-bearing  rocks  are  exposed  or  to  their 
iines  of  outcrop.  A  detailed  geologic  map  of  the  region  would  at  the 
«anie  time  be  a  hydrologic  map.  Some  of  the  water-bearing  strata 
are  exposed  over  large  areas,  others  outcrop  in  practically  horizontal 
[>lanes  along  the  hillsides.  As  it  is  not  possible  to  present  herewith 
1  dctiiiled  geologic  map,  the  hydrology  of  the  Paleozoic  region  will 
>e  discussed  under  the  following  heads,  which  are  somewhat  arbitra- 
rily chosen:  The  Ordovician  area,  the  Boone  chert  area,  and  the  Bos- 
Ion  Mountain  area. 

THE   ORDOVICIAN  AREA. 

This  occupies  that  part  of  the  region  under  consideration  over  which 

the  Ordovician  rocks  are  exposed  at  the  surface.    As  previously  stated, 

l:hese   rocks  consist  mainly   of  magnesium   limestone.     From  these 

rocks,  where  they  are  cut  into  by  streams,  emerge  numerous  strong 

springs.     Among  these  is  Mammoth  Springs,  in  Fulton  County,  which 

is  said  to  discharge  9,000  barrels  of  water  per  minute.^    As  would  be 

expected,  the  water  of  this  region  is  hard,  owing  to  the  presence  of 

the  stilts  of  calcium  and  magnesium  in  solution.     The  rocks  are  com- 

-pact,  and  as  a  result  the  water  can  move  onl}^  through  joints  and  other 

fissures.     F'or  this  reason  the  wells  secure  water  only  in  case  they  strike 

a  fissure.     Some  w^ells  furnish  an  abundance  of  water,  others,  failing 

to  strike  fissures,  are  dr\ .     The  uncei*tainty  of  finding  water  in  wells 

and   the   hard  nature  of   the  water  have   caused  frequent  resort  to 

cisterns. 

The  most  common  method  of  sinking  wells  is  by  blasting  out  the 
i^ocks,  but  drilling  is  sometimes  resorted  to.     So  far  as  the  chances  of 


a  Rept.  Geol.  Survey  Arkunsiis,  1891,  vol.  1,  p.  65. 


192        UNDERGROUND    WATERS,   EASTERN    UNITED    STATES,      [««  m 

striking  a  fissure  are  increased  by  an  increase  of  the  well  diamekr 
blasting  is  the  most  promising  method.  On  the  other  hand,  the  chance 
for  striking^  a  fissure  are  greater  in  a  deep  well  than  in  a  shallow  om 
and  as  the  cost  of  drillhig  a  deep  well  is  less  than  that  of  bJai^tinj^,  tb 
former  method  is^  advisaf)le  in  mast  tajses.  Especially  is  this  true  whp 
the  ?^anitary  advantage  of  a  well-cased  drilled  well  over  an  open  ant*  i 
taken  into  consideration. 


I 


THIS  BOONE  CHKHT  AERA, 


The  ehamctei, thickness,  and  wide  outerop  of  the  Boone  ehert  mak 
it  the  moMt  imjXirtAnt  water  horizon  in  northern  Arkansas,  It  i 
comixjsed  of  limestone  and  nimierons  lenses  of  mnch-fmetured  cbi^rt 
Beneath  I  he  IJoonc  chert  is  a  limestone  from  25  to  5U  feet  thick,  know 
m  the  8t-  Joe  marble,  hut  for  hy^h^ologic  purposes  the  two  may  1: 
considered  together.  Where  not  removed  by  demidation  I  be  I^xii 
chert  iKsuallv^  exceeds  300  feet  ia  thickness.  It  is  exp>ic*<l  over  an  an 
of  about  8,(Hm>  square  miles.  Solution  has  removed  the  liniestone  trm 
the  uppt*r  part  of  the  formation,  hut  the  cfiert,  heing  insoluble,  i*s  \r 
as  a  residue  on  the  surface,  in  many  places  several  inches  thick.  1 
»ueh  places  this  chert  d(Sbris  largely  reduces  the  runoff  from  the  m\ 
fall,  and  by  so  much  adds  to  the  anunuit  of  water  that  ent^^i-s  tl 
gro u nd ,  The  w ate r  descend s  th rough  I h i ^  j o i n ts  in  the  1 1 1 u eston e  ai 
18  transmitted  horij^on tally  through  the  fni*"turcs  in  the  chert  lense 
Beneath  the  St  Joe  marble  over  a  considerable  portion  of  the  area 
the  Eureka  shale,  which,  being  impervious,  holds  the  water  in  tl 
overlying  limestone  and  chert.  Along  lines  where  streams  have  ei 
their  valleys  down  to  or  beyond  this  bed  of  shale,  springs  with  a  copioi 
flow  of  the  best  water  are  very  numerous.  Most  of  the  famous  sprinj 
at  Eureka  Springs  emerge  from  this  horizon. 

In  the  western  part  of  the  State,  over  the  Boone  chert  area,  tl 
divides  between  the  streams  are  often  flat,  and  in  such  cases  water 
easily  secured  by  sinking  wells  a  few  feet,  but  in  the  eastern  pai 
where  the  streams  have  cut  far  down  into  the  Ordovician  rocks  ai 
have  left  the  Boone  chert  on  the  high  divides  between  them,  water 
frequently  below  the  level  to  which  wells  can  be  sunk  by  diggii 
'  and  blasting,  the  method  usually  emplo^^ed.  On  account  of  the  co 
siderable  depth  of  the  water  beneath  these  high  divides  the  dr 
should  be  employed.  By  this  method  water  could  be  obtained  in  mc 
cases. 

The  water  from  the  Boone  chert,  while  hard,  contains  a  small 
amount  of  matter  in  solution  than  might  be  expected,  owing  to  tl 
fact  that  so  much  of  the  formation  is  siliceous,  and  consequent 
insoluble. 
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THE  BOSTON  MOUNTAIN   AREA. 

•c  are  several  water-bearing  horizoDS  in  what  is  here  designated 
Boston  Mountain  area.  Named  in  their  order,  beginning  with 
vest,  the  most  important  are:  The 
ille  sandstone,  the  ArchimedeH  lime- 
and  the  Pentremital  limestone. 
^smlle  sandstone. — The  Batosville 
3ne  is  usually  brown,  and  coasists  of 
n-sized  grains.  It  is  commonly  in 
from  2  inches  to  1  foot  thick,  but  in 
)laces  the  beds  are  more  massive.  In 
ttern  part  of  the  Paleozoic  area  it  ex- 
100  feet  in  thickness,  hut  gradually 
Hit  in  the  western  part  of  the  State, 
in  places  it  is  altogether  wanting.  In 
;tern  part  of  the  region  it  lies  upon  the 
field  shale,  but  in  the  western  part  of 
ite  this  shale  is  absent,  and  the  Bates- 
ests  directly  upon  the  Boone  chert. 
I  near  the  surface  and  of  considerable 
ess,  it  forms  an  important  water  hori- 
about Green  Forest,  Carroll  County, 
Batesville,  Independence  County.  In 
f  these  localities  it  furnishes  excellent 
ater.  At  liatesville  it  was  the  chief 
of  water  until  waterworks  were  in- 
.  As  would  be  expected,  the  water 
his  horizon  is  soft. 
himedes  limesUme. — The  Archimedes 
one  isapersistent  formation,  outcrop- 
n  an  east- west  direction  across  the 
:oic  area  of  the  State,  near  the  north 
f  the  Boston  Mountains.  '  (See  tig. 
In  the  eastern  part  of  the  region  its 
ess  is  100  feet,  but  in  the  contnil  and 
•n  parts  it  seldom  exceeds  one-tifth 
mount.  It  is  a  compact  limeston<s 
»sed  largely  of  fossil  remains.  In 
it  contains  lenses  of  chert,  tliough 
are  not  common.  In  the  eastern  and 
1  parts  of  the  area  it  rests  upon  the 
teville  shale,  a  thick  and  impervious 
tion.  In  the  W(»st4'rn  part  of  t  he  State 
parated  from  the  Fayette ville  shale  by 
^edington  sandstone,  which  also  contains  some  shale. 
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TfWnitKOROTTNn  WATBTO^  KASTimH   f»NITKD  OTATief^, 

The  miiMaivo  nature  of  thi^  limi^wtone,  whith  iimihIIv  n^>^l*^up<njitAArl 

of  shulc,  miisos  it  to  form  a  consfjicuDiiM  esnirpmeat,  from  tlu*  hi,*A<  ^ 
which  strong  sjiriu^^s  \ssiu*  at  fn»<im^nt  iiih^rval?*.  IVIow  tln^ qkiiJ^  *  ' 
uiuiiU  anti  u|kiu  the  Fayi^it^nilK*  >ilmh\  ihh  WnwU  fraiiV  liH»  ynnl-^to^ 
cjiijuter  of  »  iiiili*  in  width  uud  «>f  j^^iojit  fortility, 

/\ftfrfft* fff r/ iu) t i iif fffi f\     A\x\w  iUk*  Ait^iin no t) 08 1 i tiip^to ti o (wt?** ii^* ! 
aiid  ^!i*i>amt4Hl  from  it  by  a  ^n>ati^ror  hx^^s  tlii^^kneHHof  I  ho  **\Va4mig^l 
ton*' sundsttjnr  and  sihak,  in  tho  IVntivnjit^il  linmHtone,  whidilnilJ 
ua  imfHirtiint  sprinjjf  htH'i/.on,  nrul  whit  h,  fikt*  \\iv  om*  Im^Iuw  it,  i*^  unm 
every  wht^'t*  piHuliutivi^  alon^the  tioHh  ^^  lope  of  the  lio?*tt>n  MoiuiUin^ 
The  water  from  h(^th  thc^  JjLst-nuiutHl  luirizoiis  is  hard.       Likr  \\\^ 
liiiirst-oneH,  their  texiure  U  hq  ccnnpiiel  that  neareb  for  water  in  ' 
U  not  ad  visible* 

The  rorkn  at  the  topN  of  the  Boston  Mountains  and  of  tlieir  tmt!ier*| 
to  the  norlh  are  sHTidsU»ne  and  shall*.  Tin*  .sandstone  varies  inlextui^l 
from  medium -jt^mined-  to  coarse  inillstone  j^rit*  The  ponj^ity  of  tb 
siindstoue  |>errnits  it.  to  absorb  a  *,^rent  deal  of  the  rainfall,  wVwh  i^ 
kt^pt  fnmi  sinking  as  underground  water  hy  the  under lyin*^  iiapef " 
viou?«  shale.  As  a  conHetjUence,  thi*  .saudstanes  beeonn*  irufxirUu*' 
water- tiearing  strata,  espet^ially  over  the  hi^di,  flat-topjKHl  taf>le-bml^ 
hetweeti  (he  lieads  of  i\n*  iiKamlain  mvines»  On  thes^^  table-laiul^'* 
water  is  imsily  secured  from  open  wells.  Springs  fiHMjuently  oiTiiript* 
tlie  hill  slopes,  thougii  they  are  neithet'  so  strong  nor  so  numerou!i3»*3 
alontj  the  Ar<^lnun*des  juet  IVi>heuiilul  limestone  horizons.  Siictl 
springs  arc  found  over  the  hirge  area  covered  by  the  Boston  Mountains* 

ARTESIAN    CONDITIONS   IN    THE    PALEOZOIC   AREA. 

In  the  lower  plateau  area  the  horizontiil  position  of  the  strata  pre- 
cludes the  possibility  of  obtaining  flowing  wells,  unless  it  be  in  local 
and  limited  areas,  but  near  the  north  base  of  the  Boston  Mountains., 
in  places  where  the  rocks  dip  to  the  south,  there  may  be  small  area:^ 
where  flowing  wells  could  be  secured,  the  Boone  chert  being  the  source 
of  the  water. 

An  inspection  of  fig.  29  will  at  once  suggest  the  possibility  of  secur- 
ing  artesian  water  along  the  Arkansas  Valley.  The  Boone  chert,  which 
is  widely  distributed  over  the  northern  part  of  the  State,  and  forms  an 
excellent  collecting  area  and  through  which  the  underground  water  is 
readily  transmitted,  dips  south  with  the  rocks  of  the  Boston  Moun- 
tains. Though  the  southward  extent  of  this  formation  is  not  know  n, 
its  thickness  of  more  than  300  feet  north  of  the  Boston  Mountains  is 
good  reason  for  supposing  that  it  reaches  beyond  the  Arkansas  Valley. 
Over  the  collecting  area  its  height  is  from  500  to  1,000  feet  above  the 
land  along  Arkansas  River.  Over  it  lie  the  heavy  deposits  of  Moore- 
field  shale  and  Fayetteville  shale.  All  the  conditions  are  favorable  to 
this  formation,  being  the  source  of  an  abundance  of  artesian  water  in 
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the  ArkansaH  Valley,  provided  there  are  not  many  faults  with  an  east- 
west  strike  between  the  Arkansas  Valley  and  the  cjitchnient  area. 
But  it  is  known  that  faulting  of  the  nature  mentioned  occurs  here,  and 
it  is  not  improbable  that  it  is  sufficient  to  entirely  cut  off  the  southern 
flow  of  the  water,  thus  destroying  what  would  otherwise  be  excellent 
artesian  conditions. 

TERTIARY  REGION. 

The  underground  water  of  the  lowland  or  Tertiary  area  has  its  source 
largely,  probably  mainly,  in  the  rainfall  of  the  region.  The  level  sur- 
face holds  the  run-off  in  check,  and  sandy  deposits  take  up  a  large 
amount  of  rain  water,  which  is  readily  transmitted  to  all  parts  of  its 
mass.  Another  source  of  water,  unquestionably  of  great  importance, 
is  found  in  the  streams  which  flow  from  the  plateau  region  over  the 
lowlands.  When  these  streams  are  at  low-water  stage,  the  under- 
ground water  movers  slowly  toward  them  from  either  direction.  But 
when  they  are  at  flood  stage,  there  is  a  large  amount  of  leakage  through 
the  banks  and  into  the  loose,  sand}"  material,  for  considerable  distances 
in  either  direction  away  from  the  streams.  The  amount  of  under- 
ground water  thus  supplied  to  the  lowlands  from  the  Arkansas  River, 
Little  Red  River,  White  River,  Black  River,  and  their  tributaries,  is 
problematical,  but  considerable.  Another  source  of  the  underground 
water  of  this  region  is  in  the  truncated  edges  of  the  Paleozoic  rocks, 
beneath  the  younger  deposits. 

Owing  to  the  low  altitude,  the  uniformly  level  surface,  and  unindu- 
i"ated  condition  of  the  sediments,  mainly  sand,  over  the  Tertiary  area, 
an  abundance  of  water  can  be  secured  almost  anywhere  by  the  expend- 
iture of  the  small  sum  necessary  to  purchase  from  10  to  40  feet  of  iron 
pipe,  a  point,  a  pump,  and  the  few  hours  labor  necessary  to  drive  a 
well.  The  pump  is  usually  of  the  kind  known  as  the  "pitcher  pump," 
and  the  pipe  is  usually  one  and  a  quarter  inches  in  diameter,  sometimes 
common  iron,  sometimes  galvanized.  Because  of  the  interlocking  beds 
of  sand  and  day  that  in  many  places  constitute  the  sediments  near  the 
surface,  the  depth  at  which  water  can  be  secured  is  uncertain,  but  it  is 
seldom  more  than  4i)  fe(»t.  The  water  is  most  commonly  raised  by 
hand,  though  windmills  are  sometimes  employed. 

Formerly  dug  wells  were  the  only  source  of  water,  and  some  of 
these  are  still  in  use,  })ut  they  are  rapidly  being  succeeded  by  driven 
wells.  Bored  wells  are  common  in  some  localities.  In  a  few^  instances 
these  bored  wells  arc  cased  with  tile,  carefully  cemented  at  the  joints 
to  keep  out  the  surface  wat(»r,  but  wood  is  commonly  employed  for 
casing,  a  custom  to  be  de])r<»cated,  as  the  decayi^ig  wood  not  only 
renders  the  water  insanitary  but  permits  the  surface  water  to  enter 
the  w'ell.  Water  for  citic^s  and  ice  plants  is  secured  from  !)ored  wells 
100  feet  or  more  in  depth. 
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The  iimounl  nf  wiUcr  that  can  Im>  siippliinl  by  iilniost  any  well  U 
limited  only  by  ih^  cmimcity  of  the*  pipe*  In  r^a^^es  where  ji  large! 
HtiK^unt  ii^  neediHl,  hh  for  boib^rs  nf  lar^e  rapucity,  either  a  pi|>e  of 
sufliriniit  dirttm^ti*r  w  ujw*d  or  the  number  of  welU  in  increased  till  the 
dcfiirt*d  luiiount  of  water  is  sot'iired.  Ai*  a  ruk%  tlie  water  i.s  fairl) 
\\ol\  HnitiHi  for  boilt^r  ti^o,  Jmt  in  sohib  c^hvih  it  fornix  a  traiiblixsouM 
scidc,  prcHlurt*d  l>y  the  coiuluued  deposit  of  the  mi n era!  matter  k 
.solution  and  the  line  material  in  HUHpenmon, 

The  clianicler  of  tlu*  wat-i:r  varies  greatly  both  with  depth  and  hori 
zontnl  dintanee.  Ah  re^ardn  the  depth  to  whieh  weilt*  shuuld  Jjo 
extended,  no  rule  ean  lie  laid  down  exct^pt  the  general  one  that  the 
di*ei>eT  the  well  the  1  Hotter  the  water.  This,  however,  is  not  by  &"y 
ineans  alwayM  true,  fur  shallow  wellH  often  furniNh  Ijetter  wat4?r  thnii 
limr*by  deeper  ones,  as  where  the  shallow  wellst  are  wholly  in  a  sur 
ficini  dejxi^it  of  sund,  while  the  deeper  onesi  past*  into  mud,  which 
eon  tains  a  great  deal  of  organic  matter  and  .salt.H  of  ir4>n  in  .noliitiiriK 
Frequently  two  welh^  of  the  name  depth  and  only  a  few  ixkIs  aimrt 
furtdsli  water  <jf  an  entirely  diffei'ent  **ha meter.  That  of  one  may  Im* 
of  ifood  quality,  while  that  of  the  4>ther  U  wholly  iinpotahle.  This  is 
l>ee,au*ie  near  the  surface  there  are  horizontal  variations  in  the  t*banic- 
ter  of  thti  material,  there  being  frequently  intercalated  deposits  of 
mod  <*ont4iining  a  great  ileal  of  ori^^init*  matter. 

ARTESIAN   CONDITIONS  IN   THE  TERTIARY  AREA. 

The  very  small  difference  in  altitude  between  the  highest  and  lowest 
parts  of  this  area  would  seem  to  preclude  the  possibility  of  securing 
artesian  water  in  the  Tertiary  area,  even  though  all  the  other  condi- 
tions were  favorable.  In  this  area  a  well  would  probably  have  to 
pass  through  the  Teiliary  and  into  the  Paleozoic  rocks  below.  While 
the  securing  of  artesian  water  from  the  Paleozoic  horizon  appears  to  be 
possible,  the  chances  are  against  success.  The  southward  dip  of  the 
Paleozoic  rocks  would  bring  these  beds,  if  continuous,  under  the  Ter- 
tiary deposits,  in  which  case  the  chances  of  securing  artesian  water 
from  them  would  be  excellent.  But  those  beds  are  truncated  along 
the  Tertiary-Paleozoic  border  to  considerable  depths  (see  fig.  30),  per- 
mitting the  water  to  leak  into  the  younger  rocks.  Besides,  the  east- 
west  faulting  of  the  Paleozoic  rocks,  probably  cutting  off  the  southward 
flow  of  the  water,  would  be  effective  over  the  lowlands. 

MINERAL  SPRINGS. 

The  large  springs  of  the  limestone  districts  of  the  Paleozoic  area 
have  already  been  mentioned.  Besides  these  there  are  a  multitude  of 
smaller  springs,  man}'^  of  which  yield  mineral  water  of  value  for  me- 
dicinal or  domestic  pui'poses.     A  considemble  number  of  them  have 
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been  developed  as  resorts,  some  of  which  are  among  the  most  impor- 
tant in  the  country.  Sanitariums  using  spring  water  are  common. 
The  waters  are  generally  used  at  the  spring,  but  in  1902  seven  spruigs 
rep>orted  sales  amounting  to  149,100  gallons,  with  a  value  of  $52,575. 
The  springs  reporting  are  as  follows:^ 

Allen's  Alterative  Magnesia  Spring,  Hot  Springs,  Gariand  Coanty. 

Arkansas  Lithia  Springs,  near  Hope,  Hempstead  County. 

Arsenic  Spring,  Hot  Springs,  Garland  County. 

Blanco  Springs,  near  Hot  Springs,  Garland  County. 

Eureka  Springs,  Eureka  Springs,  Carroll  County. 

Potash  Sulphur  Spring,  near  Hot  Springs,  Garland  County. 

Bavenden  Springs,  Ravenden  Springs,  Randolpli  County. 

PRINCIPAXi   PUBXiICATION8. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  118-122. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  I,  by  N.  H.  Darton: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  p.  12. 
Arkansas  [well  and  spring  records],  by  A.  H.  Purdue:  Water-Supply  and  Irrig. 

Paper  U.  S.  Geol.  Survey  No.  102,  pp.  374-388. 
Summary  of  the  water  supply  of  the  Ozark  region  in  northern  Arkansas,  by  G.  I. 

Adams:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp.  179-182. 


a  Peale,  A.  C.  Mineral  Resources  U.  8.  for  1902.  U.  S.  Geol.  Purvey,  1904,  i>.  996. 
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Water  tmmroeB* — Thn  roi  Ich  of  the  plattmu  uro  of  Oirboaif erotic  agt 
Modbicrf  the  suifice  is  under laiTi  by  sandstone,  wliich  fomij!;  imopn] 
porous  soil  if  well  di^iinpcK  From  thb  ^aadBtonc  ts^iie  the  numemiEi 
freestone  springs  thitt  furnish  m  large  a  pari  of  the  water  supph  of 
tiie  region*  Darii^  summer  hikI  fall  drouth tt)  sometimes  occur*  wd 
miuiy  springs  and  strunms  dccreii^c  in  vohnne  or  go  eotirelj  dr>%  « 
tfaftt  water  for  housf^hold  nm  and  for  ^tock  fmnomes  scarce  while  ttie 
sinaU  mills  for  grinding  eorti  rcnnitti  idlo  until  rains  set  in*  Opn 
wells  supplement  thl'  ^prin^^H  if]  many  inKtanct\< 

Snpidiesof  water  may  he  ohuined  hy  drillinj^  a  few  hundred  f«fi 
into  the  thick  sand.Htono  JhxIh  that  underlie  the  larger  part  of  the 
{dateaa.  Such  waters  will  not  uMuilly  flow,  but  will  rise  within  em 
pumping  distance  of  tho  nmrfaci*.  They  may  contain  more  or  Ittm  iron 
from  the  sandstones  or  Milplmr  from  tho  interlxnldud  filiates  and  fmh 
Wells  drilled  deeper  Into  the  underlying  Mi^ie^sippiiin  or  Silurian  Irm^ 
stones  or  into  the  Dnvonian  bbiek  ^halo  usually  obttttii  salt  waiter, 
with  greater  or  less  amounts  of  natural  ga^n  or  petroleum* 

There  are  numerous  chalylM>att>  springs  on  the  plateau,  f*omi>  of 
whidi  are  of  local  n^piite  ilk  sununer  re^ort^.  Although  none  havi' 
been  improved  to  any  extent,  the  clear,  eold,  freestone  waters,  vom* 
hined  with  the  elevaiitai  and  ilelightfnl  Kiunmer  teniix^rature,  bring 
manyvimtors  from  the  lowlands  during  thn  heated  reason. 

Much  of  the  platerui  i.^  underlain  by  workable  coal  and  mine^are 
being  opened  at  numtM'oui?  }>la<:es^  each  of  which  lieeoiiics  the  imcleus 
for  the  development  of  a  mining  town.  With  iU  growth  the  quality 
of  its  water  supply,  usually  taken  from  open  wells  and  springs^,  wtU 
deteriorate. 

HIGHLAND  PLAIN. 

West  of  the  Cumberland  Plateau  lies  the  Highland  Plain,  which 
extends  westward  to  Tennessee  River.  The  width  of  this  plain  is 
about  175  miles  along  the  Kentucky  lino  and  105  miles  along  the 
Alabama  line.  Its  average  elevation  is  approximately  1,000  feet. 
Viewed  broadly,  its  surface  is  level;  viewed  in  detail,  it  is  gently  undu- 
lating or  cut  by  small  streams  into  narrow  but  sometimes  steep-sided 
valleys.  In  a  few  places  the  larger  rivers,  including  the  Cumber- 
land, Duck,  and  Elk,  have  cut  steep- walled  valleys  300  or  400  feet  deep 
and  have  eroded  out  of  the  very  center  of  the  Highland  Plain  a  great 
oval  basin  120  miles  long  and  50  broad,  whose  comparatively  flat  bot- 
tom is  300  to  400  feet  below  the  encircling  plain.  This  basin  is  known 
as  the  Nashville  or  Central  basin  and  will  be  discussed  in  a  subse- 
quent paragraph. 

PLATEAU   REGION. 

Description. — The  siliceous  beds  of  the  Mississippian.  form  the  sur- 
&ce  of  the  Highland  Plain.    These  beds  consist  of  limestones,  siliceous 
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Jiales,  and  chert.  As  they  form  the  surface  of  this  plain  they  have 
>een  exposed  to  the  leaching  action  of  the  water  so  long  that  the 
^Icareous  matter  has  been  removed  to  a  considerable  depth  and  the 
surface  is  a  disintegrated  mass  of  reddish  clay  and  porous  chert. 

Water  resources, — The  waters  of  the  Highland  Plain  are  mostly  of 
I  he  clear  freestone  type,  although  some  are  chalybeate  from  the  iron 
contained  in  the  chert.  Where  the  lime  has  not  yet  been  entirely 
leeched  from  the  rocks  the  waters  may  be  hard.  Many  springs  are 
found  on  the  Highland,  although  in  numerous  areas  springs  are  weak 
or  wanting,  or  fail  during  dry  seasons.  Many  of  the  smaller  streams 
dry  up  also.  In  such  places  deep  drilling  generally  gives  a  water  con- 
taining objectionable  quantities  of  calcium  and  magnesium  carbonates 
and  sulphates,  hence  the  main  dependence  for  potable  water  in  such 
cases  must  be  cisterns,  of  which  many  are  in  use. 

Along  the  eastern  margin  of  the  Highland  Plain  at  the  foot  of  the 
escarpment  which  rises  to  the  Cumberland  Plateau  many  very  large 
springs  flow  from  the  outcrop  of  the  flat-lying  Mississippian  limestones 
underlying  the  sandstones  of  the  plateau.  These  limestones  receive  a 
considerable  part  of  the  drainage  which  emerges  along  the  edge  of  the 
Highland  Plain  in  streams,  many  of  which  are  large  enough  to  turn  a 
mill  where  they  issue  from  their  underground  channels. 

In  the  portion  of  the  Highland  area  adjacent  to  the  central  basin  are 
many  sulphur  springs,  while  on  the  steep  slopes  between  the  two  the 
springs  from  the  outcropping  black  Devonian  shale  contain  sulphur, 
iron,  and  in  some  cases  alum.  No  extensive  area  of  this  slope  is  made 
up  of  black  shale,  however,  as  it  varies  from  only  a  few  feet  to  20  or 
30  feet  in  thickness.  Some  of  the  sulphur  and  other  mineral  springs 
on  the  Highland  and  on  the  slope  into  the  basin  have  beeen  improved 
and  have  considerable  reputation  as  summer  resorts. 

NASHVILLE   BASIN. 

Description. — The  strata  of  the  central  portion  of  the  Highland  Plain 
have  been  arched  into  a  low  oblong  dome  which  Elk,  Duck,  and  Cum- 
berland rivers  have  eroded  until  they  have  cut  through  the  Missis- 
sippian and  Devonian  and  into  the  softer  limestones  and  shales  of 
the  Silurian.  These  have  been  in  turn  eroded,  resulting  in  the  under- 
mining of  the  overlying  rocks  of  the  Highland  Plain  and  the  final  for- 
mation of  a  basin  of  the  dimensions  already  given.  The  bottom  of  this 
basin  is  flat  or  gently  rolling.  It  slopes  somewhat  toward  the  Cum- 
berland and  other  main  streams  and  has  some  isolated  knobs  that  rise 
to  nearly  the  height  of  the  adjacent  Highland,  while  from  the  rim  spurs 
project  into  the  basin. 

Water  resources, — The  Silurian  limestones  that  form  the  floor  of  the 
Nashville  basin  dip  away  from  its  center  in  all  directions,  but  at  such 
IBB  114-05 14 
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a  low  angle  that  tLt\y  ap^M?ar  iioarlj  flat.  Many  sprin^^  are  found | 
th<^>ie  limctitoiK^*!,  scmie  of  th*^ni  Inking  very  large,  Thoj  furnbh  c]< 
rold,  hard  water  as  a  rnJo,  though  some  of  them  contain  sulphui. 
During  the  dry  seawiHus  many  of  the  wwiker  springs?  and  stnalk 
Ktrmmsi  go  dry  and  difficulty  is  found  in  securing  water  smiplin 
Cisterns  arc  extensively  used,  espeeiiilly  for  hoiij^ohold  pur 
while  poud^s  me  dug  or  small  streanin  damniod  to  secure*  wat**r  id 
k*  This  ri^gion  is  the  most  fertile  and  most  ihiekly  i>opuliited  il 
thf>  State.  Some  citien,  such  as  Nai^hville,  get  their  wnt*^r  ^iipp 
from  rivers,  otliers  obtain  water  from  deep  wells  which  aro  pmnfi 
whih>  nthei***  without  waterworks  depend  mainly  on  e interns* 

Ko  fH^rHistent  horizon  of  pot  aide  deep  waters  iw  known  to  undi^rbV^ 
Iheba^^in  .surfnro.  Water  may  be  obtiiined  ahnont  iinywhi»n>  by  ^iriH* 
ing  a  few  hundred  feet,  but  it  is  usually  strongly  impregnated  niti 
Hulphur  or  iH  sailty*  In  the  lowest  part  of  the  tKisiti  the  deep  wcttl:* 
may  How,  SevE^al  of  the  deep  wells  in  NH^hville  arc  Htrougly  *ml-| 
idiurouN*  Wells  In  otliL*r  psirt^s  t)f  tlje  basin  stmietimew  give  off  mu 
quantities  of  natural  gas,  or  nrty  greutlv  injured  by  a  slight  exudatia 
of  petroleum.  Main  tJther  wells*,  espeeially  if  ncjt  de(^p,  furnish  giK 
wftter. 
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WESTERN  VALLEY  OF  TENNESSEE  RIVER. 


The  Highland  Plain  is  Ixiundcd  on  the  west  by  the  western  valley 
Tennessee  River,  a  north -south  valley  -iiM)  to  *><Mi  feet  deep  and  S  or  Hi* 
milos  wMde.  The  rocks  uniking  the  thior  and  most  of  the  walls  of  tbe 
valley  are  Silurian  limestones  and  shales,  though  Devonian,  Mis.si?'' 
sipptan,  or  evTU  (Vetaceous  and  Lafayette  may  in  ptiu'cs  form  part  uf 
the  wall*  Iron  and  sulphur  springs  are  numerous^  along  the  out^r 
edges  of  the  valley  floor  and  in  several  plaees  wells  drilled  years  agt] 
for  sidt  yield  an  abundant  flow  of  sulphur  water,  which  is  said  to  po*^- 
fiess  valuable  medicinal  qualities. 

GULF   COASTAL   PLAIN, 

DeBcriptkm. — The  Gulf  Coastal  Plain  extends  from  the  Tennessee 
Valley  westward  to  the  bluffs  overlooking  the  Mississippi  River  flooJ 
plain.     Its  width  along  the  Kentueky  line  is  about  tj5  miles;  along  tbf 
Mississippi  line  it  is  105  miles.     From  an  elevation  of  tJUO  to  bUO  feet 
in  its  southeastern  portion  its  surface  slopes  west  and  northwest  to  an 
elevation  of  270  feet  at  Memphis,  and  from  300  to  400  feet  in  the  cen- 
tral and  northwestern  part  of  the  area  and  along  most  of  the  bluff 
north  of  Memphis.     The  rocks  of  the  region  are  unconsolidated  sands 
and  clays  dipping  gently  westward,  their  lowest  members  outcrop- 
ping in  a  narrow  north-south  belt  just  west  of  Tennessee  River.     The 
topography  of  the  sandy  formations  is  usually  rolling  to  hilly,  while 
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h;it  of  the  clays  and  loams  is  often  flat  when  remote  from  streams,  but 
lilly  when  near  them. 

Geology  and  water  s^icpply, — The  oldest  rocks  of  this  region  are  the 
Coffee  sands  of  Cretaceous  age.  They  out(;rop  in  a  belt  that  has  an 
•verage  width  of  perhaps  4  miles  and  extends  northward  from  Missis- 
ippi  halfway  across  the  State  along  the  eastern  edge  of  the  Coastal 
.^lain  region.  They  overlap  the  Paleozoic  rocks  exposed  in  the  western 
'alley  of  the  Tennessee.  The  best  exposure  is  at  Coffee  Landing,  on 
he  Tennessee,  where  they  consist  of  fine  micaceous  sands  and  thinly 
aniinated  dark  clays  with  abundant  lignitic  material.  Their  base  is  not 
exposed  here,  but  slightly  over  200  feet  were  seen.  The  total  thick- 
less  can  not  be  much  more  than  this.  Westward  they  dip  under  the 
Kotten  limestone,  which  is  also  of  Cretaceous  age.  This  latter  consists 
>f  green  sand  and  fine-grained  joint  clay  of  a  leaden  color  and  often 
x>ntains  an  abundance  of  fossil  shells.  It  forms  a  belt  8  or  10  miles 
Bride  extending  northward  from  Mississippi;  also  halfway  across  the 
State.  Its  maximum  thickness,  350  feet,  is  found  along  the  Mississippi 
line,  but  it  thins  rapidly  northward.  The  water  obtained  from  springs 
ind  wells  is  in  most  places  hard  and  disagreeable  in  taste  and  odor. 
Good  water  may  be  obtained,  however,  by  going  through  it  into  the 
CJoffee  sand.  Many  such  wells  exist.  They  vary  in  depth  according 
to  location,  the  deepest  being  about  350  feet.  Water  rises  nearh'^  to 
the  surface  as  soon  as  the  Coffee  sand-  is  reached  and  is  generally  of 
good  quality. 

Next  westward  is  a  belt  of  sands  and  clays,  which  where  they  enter 
from  Mississippi  are  12  to  15  miles  wide,  but  only  about  6  miles  wide 
where  they  pass  into  Kentucky.  They  are  known  as  the  Kipley  beds, 
arc  of  Cretaceous  age,  and  dip  gently  westward.  Their  thickness  is 
perhaps  400  to  600  feet.  Their  surface  is  usually  hilly.  They  are 
water  bearers,  but  open  wells  may  go  80  to  100  feet  deep  for  water, 
though  in  lower  ground  40  to  60  feet  is  a  common  depth. 

Above  the  sands  and  clays  of  the  Ripley  beds,  the  latest  of  the  Cre- 
taceous formations,  lies  the  Porters  Creek  (Flatwoods)  clay.  This  clay 
is  of  early  Ek>cene  age,  and  consists  of  light,  leaden-gray  clays,  with 
occasional  lamina?  of  fine  micaceous  sand.  The  lower  part  contains 
beds  of  micaceous  sand,  grecnsand,  and  some  thin  impure  limestones. 
The  formation  probably  has  an  average  thickness  of  more  than  200 
feet,  and  extends  from  Mississippi  northward  across  the  State  in  a 
belt  5  or  6  miles  wide.  The  water  derived  from  it  is  not  of  good  qual- 
ity. Better  water  may  be  had  by  going  through  it  and  into  the  under- 
lying Ripley  sands. 

The  ''Lignitic''  group  rests  on  the  Porters  Creek  formation  and  ex- 
tends westward  jkm-oss  two-thirds  of  westt^rn  Tennessee  to  the  bluffs 
overlying  the  Mississippi.     It  is  composed  chiefly  of  sands,  in  which 
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occur,  especially  in  the  rti^terti  jmrt  of  the  area  of  oiitcnip,  niiBn*rfi 
lenses  of  plssdc  rhi)^.  In  thc^  western  {mrt  of  it'4  aresi  tho  upixT  |i 
of  the  '*Lig|iitic'-  in  frtMiupntly  timrkcd  }>y  a  lied  of  blue  or  dark  lipii 
day  about  160  feet  1 1 1 i*" k *  Tl it^  u  jtji I  t  h ick ness  of  the  * •  Lig^n i tic "  Is 
feet  at  Memphis  It^  H»nds  are  watar  hearing  throughout^  but  as 
vary  much  and  iiipidly  \n  etmr.scne.'^s^  and  ennf^equentl^^  in  quantity 
water  tiiey  can  fitrninh^  the  pro[K^r  depth  of  wells  ^timk  itito  tb 
must  be  determined  hy  triah  17 dually  their  lower  part  is  the  coai 
and  the  quality  of  the  watfr  yielded  in  generally  .suituhle  for  arif 
desired  purpose.  Thin  grmtp  i^  hy  far  the  immi  valuable  water- beam 
in  w^tern  Tenne^e^^. 

The  Lafayette  is  nftn^ad  as  a  thin  hUnket  ovt*r  all  the  precf^dinj: 
western  Tennesset*  r<>riiiutit)n>>.  It  h  u  i^serie^i  of  sand^,  elay.H,  an^i 
gmTels  that  are  pnnailingly  red  or  urango  in  color  and  ustmiJy  Imivi 
eabij  while  in  some  plaa*«  the  .^ujdHi  have  lH»conie  eenient4?d  hy  iroo 
into  sandstones.  The  hcds  probatily  nevt>r  pxeeed  50  feet  in  tliick- 
ness  and  ai-e  mon-i  f  ivquently  In^s  than  ifO  feet  thick.  Along  the  Ten* 
nrasee  and  Mississippi  liiver  hhiffs  this  foruiatioix  consists  very  largely 
of  graveU  while  away  from  ttie  iK^igliburliood  of  tlie^e  streanxs  tie 
j^vel  beds  are  thin  or  often  wanting.  When  underlain  by  claya 
water  is  usually  found  at  tlie  base  of  the  Lufaycttc*  Akmg  !?ueh  of 
the  stream  valleys  a^  cut  through  it  nunieniUN  r^prhigs  iHsue  from 
these  basal  beds,  while  shallow  wells  may  reach  it  anywhere.  The  water 
is  usually  good,  provided  ihc  well  i^  stopped  hi  the  LiifayeUe 6aad,  hul 
if  it  enters  the  top  of  an  underlying  clay  or  marl  bed  it  is  often  poor. 
Over  most  of  the  region,  however,  the  Lafayette  rests  on  the  '^Lig- 
nitic"  sands,  and  its  base  is  then  only  locally  water  bearing,  one  well 
obtaining  water  while  another  only  a  few  yards  away  may  find  none. 

Loess  overlie^s  the  Lafayette  gmvel  in  a  belt  12  to  25  miles  wide, 
extending  north  and  south  across  the  State.  The  thickness  gradually 
decreases  from  20  to  70  feet  in  the  bluffs  overlooking  Mississippi 
River  to  an  indefinite  feiither  edge  to  the  east.  The  loess  is 
everywhere  calcareous  and  wells  sunk  in  it  yield  hard  water.  It 
naturally  forms  a  rich  soil  and  population  is  denser  in  this  belt  than 
elsewhere  in  western  Tennessee.  Many  people  in  the  loess  region  use 
cisterns,  which  are  easily  and  cheaply  constructed  in  the  loess.  Water 
of  better  quality  ma}^  be  obtained  by  deeper  wells,  drawing  their  sup- 
plies from  the  underlying  sands  of  the  "Lignitic." 

Resting  on  the  loess,  and  at  times  separable  from  it  only  with  diffi- 
culty, or  lying  east  of  the  loess  belt  and  resting  on  the  Lafayette,  is  a 
veneer  of  loam,  clay,  or  sand  that  reaches  in  places  perhaps  10  feet  in 
thickness.  It  has  generally  been  correlated  with  the  Columbia.  It  is 
not  of  importance  as  a  water-bearer. 
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MISSISSIPPI  ALLUVIAL  PLAIN. 

In  the  flood  plain  of  the  Mississippi  River  the  deposits  arc  recent 
nits.  These  contain  water  at  slight  depths,  but  it  is  of  poor  quality. 
Its  level  rise^  and  falls  with  the  varying  stages  of  the  river.  Good 
water  may  be  obtained  from  the  underlying  lignitic  by  deep  boring. 
Cisterns  are  also  used,  though  the  soft  alluvial  deposits  are  not  always 
solid  enough  to  prevent  the  walls  of  the  cisterns  from  cracking. 

COMMERCIAL  SPRINGS. 

The  following  springs  reported  sales  of  water  in  the  year  1902:** 

Ea^tbrook  Springs,  Eafltbrook,  Franklin  County. 

Hinson  Springs,  Uinson  Springs,  Henderson  County. 

Horn  Mineral  Springs,  Horn  Springs,  Wilson  County. 

Idaho  Springs,  near  Clarksville,  Montgomery  County. 

Larkins  Spring,  Madison,  Davidson  County. 

Lookeland  Spring,  East  Nashville,  Davidson  County. 

Montvale  Spring,  Montvale,  Blount  County. 

Red  Boiling  Springs,  Red  Boiling  Springs,  Macon  County. 

Rhea  Springs,  Rhea  Springs,  Rhea  County. 

Tate  K[)som  Spring,  Tate  Spring,  Grainger  County. 

Whittle  Springs,  Whittle  Springs,  near  Knoxville,  Knox  County. 

Willow  Brook  Spring,  Craggie  Hope,  Cheatham  County. 

Wright's  Kpsom  Lithia  Well,  Mooresburg,  Hawkins  County. 

The  aggregate  amount  sold  is  stated  as  247,429  gallons,  valued  at 
,    136,315. 

PRINCIPAL  PUBLICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  97-106. 
Preliminary  list  of  deep  lx)rings  in  the  Unite<l  State.*«,  pt.  2,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  (ieol.  Survey  No.  61,  p.  49. 
Tennessee  [well  records  and  spring  records],  by  L.  C.  CJlenn:  Water-Supply  and 

Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  pp.  358-307. 

KENTUCKY. 

Climatic  conditions  in  Kentucky  are  much  tne  same  as  in  Tennessee. 
The  topographic  belts  which  are  found  in  Tennessee  extend  northward 
into  Kentucky,  and  the  geolocric  formations  of  the  two  Stiites  are  very 
similar.  The  water  resources  of  Kentucky  accordingly  resemble  those 
of  Tennessee  in  corres|X)nding  topographic  regions,  so  that  much 
already  said  concerning  the  h}  drographic  characteristics  of  these  belts 
in  Tennessee  applies  equally  well  to  Kentmrky. 

apeale,  A.  C,  Minenil  kcMHinos  V.  S.  for  1902,  V.  8.  Geol.  Survey,  1904,  p.  996. 
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CUMBERLAND  PLATEAU. 

The  mo8t  eastern  topographic  division  of  Kentaoky  is  the  noid] 
continuation  of  the  Cumberland  Plateau  region  of  Teniieflaee.  -  In 
tucky  the  flatness  of  the  plateau  surface,  however,  has  diaappn 
and  in  its  stead  the  rc^on  is  deeply  dissected  by  streams,  so  tfaa 
actual  surface  consists  of  a  maze  of  steep-dded  monntaina  sepa 
by  almost  equally  narrow,  steep-walled  valleys.  The  plateau  so 
is  represent^  only  by  the  uniform  altitude  of  the  mountain  g 
The  southeastern  edge  of  the  plateau  has  an  elevatioii  of  8,600 
and  is  sharply  defined  by  the  Cumberland  Mountain  acarp.  The 
ern  edge  of  the  plateau  has  an  elevation  of  1,600  feet  in  the  aonti 
of  900  feet  along  Ohio  River.  In  Kentucky  the  plateau  is  not  ab 
defined  on  the  west,  but  falls  away  in  isolated  pro]ectin|r  spo: 
irregular  but  not  great  height,  extending  out  toward  the  nail 
lower  topographic  division,  the  Lexington  Plain. 

The  rocks  of  the  plateau  are  horizontal  OarboniferooB  aaadal 
and  shales.  Springs  abound,  and  while  in  dry  summers  many  of  t 
and  even  the  smaller  streams,  dry  up,  there  is  generally  an  adec 
supply  of  water.  Some  shallow  open  wells  are  used,  but  they  fa 
an  insignificant  part  of  the  water  supply.  Some  of  the  springs,  < 
cially  such  as  flow  from  coal  horizons,  contain  inm  or  aolphnr.  1 
may  also  at  times  contain  alum.  Population  is  sparse,  hooma  an 
scattered,  and  the  springs  are  usually  safe  and  wholesome.  Evei 
simplest  of  sanitary  precautions  arc,  as  a  rule,  unheard  of,  and  ' 
sionally  water  is  used  from  a  pool  or  branch  that  is  utterly  unfi 
di-inking,  and  doubtloss  the  cjiuse  of  a  considerable  amount  of  sick 

LEXINGTON  PLAIN. 

The  Highland  Plain  of  Tennessee  extends  noi*thward  into  Kenti 
where  it  is  known  as  the  L(»xiiigton  Plain.  In  detail  its  elev 
varies  considerably  hut  it  may  be  taiken  &s  averaging  1,000  feet  i 
e^istern  and  centnil  parts  and  soo,  G(K),  or  even  400  feet  along 
River.  The  surface  of  much  of  this  I^exington  Plain  is  compos 
Mississippian  and  Devonian  sandstones,  shales,  and  limestones. 

In  sandstone  n^gions  the  water  is  usually  soft,  and  springs  are 
abundant  and  constant  than  in  the  shah^  or  limestone  aresks.  I 
Devonian  black  shale,  sulphur,  alum,  and  copperas  springs  are  < 
found.  In  the  limestone  areas  much  of  the  dminage  is  undergrc 
and  at  many  places  big  springs  occur,  some  of  which  are  so  large 
they  furnish  an  abundant  supply  of  water  for  good-sized  towns. 
waters  are  hard. 

In  the  north-central  portion  of  this  Lexington  Plain  there  is  an 
shaiXKl  area  of  li),(K)()  sc^uare  miles  with  Fmnkfort  almost  in  itji*  c 
that  is  composed  of  iiilurian  limestones  shnilar  to  those  of  the  J 
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grille  basin.  Much  of  the  drainage  is  underground,  the  water  is  hard, 
and  springs  are  scarce  in  some  portions.  Water  may  be  obtained  by 
drilling  generally  at  very  moderate  depths  but  it  almost  always  smells 
slightly  of  petroleum  or  contains  salt  or  other  minemi  matters  renaer- 
in^  it  unfit  for  domestic  purposes.  Streams  dry  up  in  the  summer 
and  ponds  are  dug  to  hold  water  for  stock.  Cisterns  are  very  largely 
used. 

Numerous  mineral  springs  are  found  in  the  limestone  region,  some 
of  which  are  noted  health  and  summer  resorts.  They  usually  contain 
sulphur,  iron,  salt,  or  calcium  and  magnesium  carbonate  and  sulphate. 
In  western  Kentucky,  on  either  side  of  the  lower  part  of  Green 
River,  Carboniferous  sandstones  and  shales  are  exposed  in  an  oval  area 
of  4,000  square  miles  which  belongs  topographically  to  the  Lexington 
Plain  but  whose  water  supplies  are  in  general  much  like  those  of  the 
Cumberland  Plateau  region.  Stream  cutting  has  not  been  so  deep  as 
in  the  eastern  part  of  the  State  and  springs  are  somewhat  less  abun- 
dant, although  sulphur  and  iron  springs  are  numerous. 

GULF  COASTAL  PLAIN. 

That  part  of  Kentucky  which  lies  west  of  Tennessee  River  is  kno¥ni 
as  the  Jackson  Purchase  region.  It  is  an  area  of  unconsolidated  sands 
and  clays  belonging  to  the  Gulf  Coastal  Plain  and  forming  a  continu- 
ation of  the  similar  area  in  western  Tennessee. 

Of  the  Cretaceous  formations  of  Tennessee  only  the  youngest,  the 
Ripley,  extends  north  into  Kentucky.  The  Ripley  sands  and  clays 
lie  within  3  or  4  miles  of  Tennessee  River  and  form  a  belt  5  to  10 
miles  wide.  The  formation  is  porous  and  open  and  becomes  very  dry 
during  summer,  so  that  open  wells  must  frequently  be  sunk  to  a  depth 
of  80  to  100  feet  to  insure  adec^uate  supplies.  Cisterns  and  artificial 
ponds  are  extensively  used.  On  the  west  .the  Ripley  formation  dips 
beneath  the  Porters  Creek  (Flatwoods)  clay  (basal  Ek)cene),  which  gives 
more  of  a  flatwood  aspect  to  the  topography  here  than  it  does  in  Ten- 
nessee. As  in  Tennessee,  the  water  found  in  it  is  hard,  "flat  tasted," 
and  not  abundant.  The  thickness  of  the  Porters  Creek  clay  in  Ken- 
tucky is  not  known,  but  it  is  probably  not  over  200  feet.  It  forms  the 
surface  in  a  belt  5  to  15  miles  wide.  Better  water  could  be  obtained 
in  this  area  from  the  underlying  Ripley  sands,  but  the  water  probably 
would  not  flow  except  in  very  low  places,  though  it  would  commonly 
rise  nearly  to  the  surface. 

The  western  three-fifths  of  the  Purchase  region  is  composed  of  "Lig- 
nitic"  sands  and  clays  in  which  the  coarser  sand  beds  are  water  bearing. 
They  are  of  variable  chamcter,  however,  and  no  one  coarse  stratum 
seems  widely  persistent.  In  the  eastern  part  of  the  "Lignitic"  area 
good  water  should  })e  found  within  200  to  300  feet  of  the  surface.  At 
Mayfield,  for  example,  excellent  water  is  obtained  at  a  depth  of  250 
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feet.  Near  ML^is.Hippi  River  the  depth  will  inrn^asf  to  li<)t^  ijiKi,or 
7(M^  feet»  aud  the  sands  tend  to  become  tiner  and  leas  reliable  n^  min 
bearern. 

Lftfftyette  s^nd  and  f^mrd,  loes^,  C3ohmibia  loam,  and  Mis^is^^ipiif 
flooiUplHin  Eilluviuui  all  cjceur  very  much  a:*  they  do  in  Tennesj^^e. an! 

t^r  siniitar  relations  to  water-i^upply  problems. 
Ai 


COMMERCIAL  SPRINGS, 


I  The  following  springH  reporte^l  shipments  of  water  in  1902:^ 


Anltii  Springs  Lagnmge,  Oldham  t*ounty. 
Betlford  ^^J^^ing&,  Betlfin^l,  Trioibk>  County- 
BlneJIrk  HpriugBp  Bliielirk  Spri»|^,  NichnEa^  Couaty. 

iCrab  On-l^Hnl  Sjirings,  Crab  Orchftrd,  Lincoln  County- 
Uppt^r  Btu^'Hi^k  Springs,  NicholaH  County, 


The  aggregaU^  jaale>4  nw  given  a^  10t*,750  gallott^^^  valued  at  12  1,53k 

PRINCIPAL  PUBLICATIONS. 


Mineral  springe  of  the  United  Statee,  by  A,  C,  Peale:  Bull.  U.  S.  GeoU  Stirv^  Kk 

32.  pp.  10(5-118, 
Prelim itiar)'  \mt  oi  deep  buringw  in  ttie  Fiiited  States,  I*t.  I,  by  N,  H,  Diirlon:  W&tcr 

Supply  and  Irri^.  Paper  IT.  S.  lieol.  8ur\'ey  Sq.  57,  pp.  47-49* 
Kentucky  [well  and   it]>rit^^  ret-ortb],    by  L.  C.  Glenn:  WAti*r-8tipply  and  lni$. 

P^per  U.  S.  Ge^il.  Surrey  No,  102,  pp.  36ft-^3, 
Water  reaourt>^»<  uf  llit>  Middlesboro Harlan  region  of  goutliettwlern  Kentucky,  hy 

G.  H.  Ashley:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp. 
177-178. 

aPeale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904.  p.  996. 


MISSOURI, 


Bv  Edward  M.  Siiepard. 


GENERAIi  CONDITIONS. 

Missouri  has  an  abundant  supply  of  potable  waters,  which,  for  the 
most  part,  come  to  the  surface  in  springs  generously  scattered  over  a 
large  portion  of  the  southern  half  of  the  State,  and  to  a  less  degree 
over  the  northern  half. 

North  of  Missouri  River  the  country  is  covered  b}^  glacial  drift, 
varying  from  a  few  feet  to  150  feet  in  thickness.  In  this  area  the 
springs  are  small,  but  they  occur  frequently  where  erosion  has  cut 
into  the  drift,  which  thus  becomes  the  main  reservoir  for  the  wells  and 
springs  of  the  region. 

South  of  Missouri  River  the  country  is  destitute  of  drift,  but  erosion 
has  cut  deep  valleys  along  the  borders  of  the  Ozark  Plateau,  and  in 
such  localities  some  of  the  largest  and  finest  springs  of  the  country 
abound. 

TOPOGRAPHY. 

Topographically,  Missouri  may  be  naturally  divided  into  four  great 
districts:  (1)  the  Northwest  Plateau,  (2)  the  North-Central  Plain,  (3) 
the  Ozark-St.  Francis  Dome,  and  (4)  the  Southeastern  Lowlands,  all  of 
^v'hich  are  outlined  on  tig.  33. 

The  first  district,  the  Northwest  Plateau,  includes  the  elevated  por- 
tion in  the  northwestern  third  of  the  State,  and  is  })ounded  on  the 
southeast  by  the  900-foot  contour.  This  plateau  rises  gently  to  the 
northeast  corner  of  the  State,  where  an  elevation  of  over  1,200  feet  is 
reached.  The  strata  genemlly  dip  from  10  to  15  feet  to  the  mile,  in  a 
northwesterly  direction,  thus  burying  to  a  considerable  depth  the 
dml  Measures  which  outcrop  on  the  southern  border  of  the  district. 

The  south  boundary  of  the  second  division,  or  the  North-Central 
Plain,  starts  arbitrarily  on  Mississippi  River  in  St.  Charles  County, 
runs  southwesterly  until  it-  joins  the  north  boundary  of  the  Ozark-St. 
Francis  Dome  (at  approximately  the  900-foot  contour)  in  Franklin 
County,  which  it  follows  to  the  northwest  corner  of  Barton  County  on 
the  Kansas  line. 

The  Ozark-St.  Francis  Dome  district  is  included  in  the  large  ar* 
between  the  last-described  line  and  a  line  extending  southwest  froi 
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tTi^nKurmof^Nn  watftr^.  kastrrjc  potteii  statk;^,    \M 


(!ape  (fimitkmu  to  tlio  ArkiitiJ^>aB  tioimdary,  followiog  the  ¥^im\ 

The  Soutlurii.Ht(>rn  IjowJands  ioclucle  tlie  Boutboa^terti  c^ni^r  of  tiij 
Sitite  aouth  uf  tlu^  i^M-font  contour,  and  nowhere-  have  an  altitt 
riiurh  **xiH»iHlin|i^  4*H>  foi*t. 

<JKMMHn<'  OONDTTIONB. 

' I ' h f*   N t >rt h  w es t  P i i l I < *u  1 1  is  <  ^c  j v  r*  n »d  j^  1  loi  I  v  1  > v  d ri ft,  wb ir h  is  umler 
lain   by  th«  Lowt>r  anil  rp|M?r  Voh\  Mt^iHuresi,     The  North-ljcntfiJ  1 
Plain  h  \mrth%\\y  covennl  hy  drift  in  the  iiurthi3tu?t,  and  underlambT 
MiHHisHl|>pian  and  Li>w«r  Voixi  Mt*aMuri?8^  with  h  friiij^e  of  Dcvoiimn ' 
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Fui.  31.— (Jeologic  skeUrh  map  of  MiNSOuri. 

and  Silurian  on  the  eastern  border.  The  Ozark-St.  Francis  Dome 
varies  greatly  in  altitude  and  in  geology.  The  St.  Fmncis  Mountains 
are  made  up  of  Algonkian  granite  and  porphyry.  The  greater  por- 
tion of  the  Ozark  region  is  underlain  by  Cambrian  rocks,  composed 
of  alternating  beds  of  dolomites  and  sandstones.  The  southeastern 
lowlands  arc  underlain  almost  entirely  by  the  sands,  clays,  and  gravels 
of  the  Tertiary. 
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CHARACTER  OF  THE  WATER  8UPPIiY. 


NOKTHWESTERN   PLATEAU   DISTKICT. 
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The  rocks  underlying  this  district  belong  entirely  to  the  Lower  and 
"Upper  Coal  Measures.     The  underground  water  supply  of  this  region 
1«  mainly  derived  from  the  drift.     In  the  counties  bordering  the  Mis- 
souri River,   especiall}^  Atchison   County,  small 
springs  are  frequent  in  the  bluffs,  often  occurring 
one-third  of  the  way  to  the  top.     Thf.y  are  also  enn       ^ 

■frequent  along  the  valleys  of  many  of  the  streams.  IH      ? 

In  the  greater  part  of  this  district  drills  have  shown 
that  the  basal  stratum  of  the  Coal  Measures  is  a 
porous  sand  rock  containing  occasional  beds  of 
bituminous  shale,  similar  to  the  shale  and  sand- 
stone forming  the  basal  member  (Cherokee  shales) 
of  the  Coal  Measures  elsewhere  in  the  State.  An 
abundant  supply  of  water  is  nearly  everywhere 
obtained  from  this  sandstone  by  drilling,  as  is 
shown  by  well  records  furnished  by  Mr.  R. 
Hawkins,  of  Chillicothe. 

The  water  from  this  stratum  in  widely  different    ?. 
localities  uniformly  carries  about  400  grains  of  salt    3 
^o   the  gallon,  with  some  iron,  and  occasional  I3'    | 
Sulphur.     Mr,  Hawkins  states  that  farmers  in  this    % 
*i*ea  agree  that  this  is  very  good  water  for  live    5 
«tock.     The  pressurc^is  sufficient  in  Livingston  and    | 
^joining  counties  to  cause  the  water  to  rise  725    g 
to  740  feet  above  sea  level.     Along  Gmnd  River    | 
tK)ttom  the  water  flows  sluggishly  out  of  the  wells,    p. 
A^  the  rocks  dip  irregularly  to  the  west  and  north 
fjcom  10  to  15  feet  to  the  mile  the  approximate 
^epth  of  the  water  stratum  may  be  calculated  if 
the  surface  elevation  is  known  and  allowance  is 
^nade  for  the  local  disturbances  producing  irregular 
folds  in  the  strata.     The  water-bearing  stratum 
varies  from  20  to  70  feet  in  thickness  and  furnishes 
an  abundant  supply  of  water.     Below  this  water 
level  of  the  Cherokee  shales  and  sandstones  are 
other  water-bearing  strata,  but,  as  a  rule,  they 
become  more  highly   impregnated   with   mineral  " 

salts  as  the  depth  increases,  until  they  are  no  longer  potuble. 

A  few  small  artesian  districts  are  found  in  this  area.    At  Tarkio,  Ati^hi- 
son  County,  are  seven  small  flowing  w(»lls,  varying  in  depth  from  l%to 
220f  eet.    Some  of  those  furnish  the  city  with  water.    They  are  evidently  . 
derived  from  higher  reservoirs  in  drift  gravel,  overlain  by  an  impervious^ 
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isliiy  layi^r.  Another  flowing  wc>U  at  llcthany.  OM  feet  deep,  fm 
fiislu*H  wtttcr  for  thr  Hi*ilbroTi  StiniUiriuirL  It  flows  6  ijiilJoiii*  [w 
riiinut*'*  The  wmiivi*  i^  near  the  Ixittom  of  tho  \vt*U,  in  thf  V^is 
[\ml  M^uniivm,  Another  flowing  wt»ll  it^  reported  nt  OiiIEatia,  iJiiii 
L oi I f  1 1 y  *  w h i c h  p  r o ( m  h  1  y  o I  itii i  1 1 h  \\u tpv  f  ro ti 1 1 h c  I '  | >pc r  ( *oal  Urn- 
Lircs*  Th<*rp  ih  aL^o  a  ilowiug  we 41  at  0*  il*  Lawson"**^*  near  Ttija, 
Livinj^Mtoti  County.  The  surf  are  elevation  here  in  aliout  i50  feet 
t'he  water  is  Kuline,  nnd  (h*rive(l  ffoin  sand  rtit'k  nf  the  (^Itrmtw 
shales  *  Til  i  *  w  e  il  1^421  fee  t  tlee  ]  i ,  ti  i  ul  c)  i*  i  1 1  i  n  ^  w  u.h  k  t  o  i>pt>d  i  n  Ml^^i^ 
dppian  limestone.     The  water  flows  .sbiijf^ishly  froui  the  top*    Tlwff 
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Via.  33.— Sketch  map  of  Mi.twoiiri,  showing  water  resourccfi. 

are  a  number  of  mineral  .springs  and  drilled  wells  supplying  mineral 
waters  in  this  district,  some  of  which  have  a  national  reputation.  One 
of  the  most  noted  and  popular  of  these  is  Excelsior  Springs,  in  the 
northeast  corner  of  Clay  County,  about  80  miles  northeast  of  Kansas 
City.  In  the  group  of  springs  at  this  place  the  best  are  the  Regent 
and  Siloam  springs,  both  ferromanganese  waters,  derived  from  the 
Coal  Measures  shales.  Two  drill  wells — the  ''Sulpho-saline,"  1,460 
teet  deep,  and  the  ''  Salt-sulphur,"  1,370  feet  deep — have  been  sunk 
m  this  vicinit}',  furnishing  sulpho-saline  waters.  No  record  of  these 
two  wells  has  been  preserved,  but  the  writer  believes  that  the  waters 
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lerived  from  the  Jefferson  City  limestone  (Second  raagnesian,  of 
How).  The  waters  arc  carbonated  and  shipped  to  all  parts  of  the 
ktr>'.  Winslow  has  shown  "  the  similarity  of  the  Excelsior  Springs 
M-s  to  those  of  St.  Moritz  and  Mont  d'Or  in  Switzerland  and 
lice. 

itios  in  this  district  generally  derive  their  water  from  adjacent 
!vs.  Wells  and  cisterns  are  the  most  common  source  of  potable 
er.     The  former  are  shallow,  from  20  to  50  feet  deep,  and  gener- 

have  an  abundant  supply  of  water  from  the  drift  gravels.  Broad- 
d  makes  the  following  statement:*  ''Wherever  limestone  No.  78 
jthany  limestone]  of  the  Upper  Coal  Measures  prevails  we  may 
)ect  good  streams  of  water  just  })eneath.     Springs  of  any  kind  are 

common  in  either  the  Middle  or  Lower  Coal  Measures,  but  are 
re  frequently  found  where  the  Upper  Coal  Measures  prevail." 

NORTII-CENTKAI.   PLAIN   DISTRICT. 

''he  greater  part  of  this  district  is  underlain  by  Lower  Coal  Meas- 
s  and  Mississippian  rocks.  Fresh- water  springs  are  not  very 
union,  especially  in  the  Ix)wer  Coal  Measures.  Salt  and  mineral 
ings,  some  of  unusual  size,  abound.  As  regards  the  distribution  of 
lerground  waters,  the  district  is  naturally  divided  into  three  see- 
ds—the  eastern,  middle,  and  southern.  The  eastern  section  is  largely 
jrlain  by  drift.  Small  springs  arc  found  at  the  base  of  rounded 
\s  of  drift  and  occasionally  along  outcroppings  of  the  Burlington  and 
uisiana  limestones,  and  in  Warren  County  good  springs  are  found  at 

base  of  the  St.  Peter  (First)  sandstone.  The  main  dependence  for 
ter  in  this  section,  however,  is  in  shallow  wells  in  the  drift  and  in 
;erns.  In  the  central  section  fresh-water  springs  are  rare,  and 
able  water  is  mainly  derived  from  wells  and  cisterns,  the  wells 
ng  dug  in  loess,  where  that  formation  occurs.  Good  water  may  also 
found  in  the  limestones  of  the  Henrietta  or  the  sandstone  of  the 
rais  des  Cygnes  (Pleasanton)  shales.  This  section  is  noted  for  the 
rmous  brine  springs  which  are  so  fre(iuent  in  Saline  and  Howard 
nties.  Around  some  of  these  ))rine  springs  buffaloes  in  the  past 
e  licked  away  the  soil  to  a  remarkable  degree.  At  McAllister 
ings  is  an  old  buffalo  lick,  where  a  valley  approximately  25  feet 
p,  200  feet  long,  and  100  feet  wide  has  been  excavated.  These 
ngs  have  become  popular  resorts. 
he  Big  Salt  Spring,  in  Saline  County,  is  a  remarkable  example  of 

of  these  brine  springs.  The  surface  rock  is  near  the  base  of  the 
sissippian,  and  the  spring  proper  is  an  oval  pool  about  25  feet  in 
neter.  The  water  boils  up  all  over  the  surface  of  this  pool,  and  is 
regnated  with  sulphur.    Its  source  is  undoubtedly  at  a  great  depth. 

aMiseouri  Geol.  Sun'cy,  Report  on  mineral  waterH,  vol.  3,  Schweitzer,  p.  202. 
b  Missouri  Gcol.  Survey,  vol.  1, 1873-4,  p.  37. 
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Tlib  Mpriii^  exhibits  a  curiousi  flui^titaiion  tn  tempo miurc*  MM 
deHcrifK'd  it  in  1H55^  iti  hi8Gen1o|^iml  Report  on  Saline  Ckmiitjs  b^  hti 
\n^  a  tiitiiiiKMiitiin^  nf  (Uy  \  and  iu^  cMjniatning  un  ahtiridanco  of 
plmif^hMi  hvdni^^Mi,  VVtHKhvaid  vii<iU>d  it  itt  1H(*0  ami  in  his  it] 
on  Th«  Mi  11  oral  8pring«  of  MiRHouri  dei^cribod  it  aii  hnvitig  ii  tm 
\  10 m i II re  of  hi\  \  v\  i 1 1 1  H 1 1 1 1 ^  or  n u  su  1  j >h 1 1  ro t^i i  I ) y d  rt >gv 1 1 .  Tli e  p re.'^i 
wriU^r  visited  it  in  ltM)3,  wluui  lie  found  the  t^^iiiiwnitiin^  to  Im:^  t>4 
with  coimidtvmble  Mulphu retted  Jiydmgcn.  DHtii  from  thcj^  fliwf 
ulworvrttinns  nUu  iiKlirnte  a  Hti'ady  dot-reaM^  In  the  flow  of  tliis  spnjsjj. 
The  lemperalmt!  ohhiincd  hy  Meek  in  sprintrg  in  other  loealit ics  ebiH^b* 
rtc)8oly  with  the  datji  oi>tiiiiu*d  by  tho  present  writi^r;  therefore  Ibe 
V rt r i a t i o n  18  p n t\ m \ il y  n o t  due  1 1)  r! r  11 V t'( ' n c(»  in  t h e r i n of n et© rs.  Meek 
<leN<Til»es  anc^ther  hrine  sprinj^»-  ailjoiiiiu^  thi^  one  jls  subject  to  sudda& 
lar^e  II actuations  in  flow,  indeptindeiit  of  rains  or  droughts.  He 
states,  ^M  had  the  satisfiu*tion  to  .see  it  in  the  act  of  rising.  The  waiter 
wan  Hpeii  to  suddenly  rine  and  flow  out  over  perfectly  dry  i^muiai/ 
I'll  is  eeutral  sect  ion  He  ems  to  be  a  bu^iii  whieh  ree>eive!^  the  flow  from 
the  ()s^?irki<  frtMii  the  s<ju(1ieast,  In^inj^  apparently  iueloyed  on  the  t^outls 
hy  the  Sedalia  fuid,  and  probably  on  the  we&it  hy  stnalier  folds  wliicb 
have  not  yet  l>e«*n  fully  outlined-  If  thin  view  can  be  fully  vorificHi 
it  ituj^ld  aceount  for  the  com^entration  nf  walniesin  these  waters,  Tbi? 
pi'es4*nee  of  n  eonsidiimble  amount  of  oileiimi  chloride  iu  all  the  dei*p 
wcIIh  and  lunne  spriu^w  of  this  district  would  preisuppose  the  thiH)ry 
tliat  this  was  a  ba^tn  early  simt  olT  from  tlie  sea,  in  which  the  origtml 
sea  water  InH-ame  concent  rated.  This  wee  t  ion  is  the  most  prominent 
arte^^ian  re^'ion  in  the  whole  State,  and  will  be  referred  to  later.  The 
south weiyti'm  seeti*>n  of  thiw  Nortli -Central  Plain  contain*^  a  few  weak 
springs,  and  these  are  frecpiently  itnpre^^nated  with  alum,  sulphur^ 
e  ptk  n  11  sal  ts ,  a  n  d  so  n  i  e  ti  in  es  w  i  t  h  f  er  I'o  i  is  h  u  1 1  >hate .  These  a  re  espec  ially 
noted  in  Bates,  Vernon,  and  Barton  counties.  They  are  mainly  derived 
from  the  Cherokee  shales,  which  are  frequently  pyritiferous  and  mag- 
nesian.  A  number  of  valuable  chalyl^eate  springs  are  found  in  this 
section;  they  issue  from  the  basal  sandstone  of  the  Cherokee  shales. 

As  l^efore  stated,  this  North-Central  Plain  contains  the  main  artesian 
areas  of  the  State.  In  the  eastern  section  of  the  district  an  artesian 
belt  extends  along  the  eastern  slope  of  the  Winfield-Rensselaer  fold. 
The  writer  has  traced  this  fold  as  far  north  as  Rensselaer  and  believes 
it  to  extend  still  farther  noith  into  Lewis  County.  At  Canton,  in 
Lewis  County,  is  an  artesian  well  906  feet  deep,  which  was  sunk  in 
1890.  The  first  flow  of  water  was  struck  at  870  feet,  in  the  St.  Peter 
sandstone  (First  sandstone  of  Swallow).  Sixty  feet  of  this  porous 
sandstone  was  passed  through  in  the  bottom  of  this  well.  A  gage 
at  the  mouth  of  the  well  indicates  a  pressure  of  12  pounds.  This 
well  supplies  the  city  with  water  and  is  leased  by  Messrs.  Griflith 
and  Maggard,  who  ship  large  quantities  of  the  water  abroad.     This  is 
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one  of  the  finest  sulpho-saline  waters  in  the  State.     The  well  is  located 

on  a  high  bluff  overlooking  Mississippi  River  and  is  surrounded  with 

every  adjunct  for  making  a  popular  health  resort.     Two  other  artesian 

wells  were  sunk  at  Lagrange  to  a  depth  of  800  and  850  feet.     Both 

obtained  their  flow  from  the  St.  Peter  sandstone  (First  sandstone  of 

Swallow).   The  water  from  these  is  mildly  sulpho-saline  and  is  largely 

shipped  to  Chicago  and  other  jwints  in  Illinois.     South  of  Lagrange,  at 

Hannibal,  in  Marion  Count>%  two  other  flowing  wells  were  struck  at  a 

depth  of  about  900  feet,  the  watei*s  being  also  sulpho-saline,  but 

neither  is  utilized  commercially.     Still  farther  south,  at  Ix)uisiana, 

in   Pike  County,   is  another    sulpho-saline    artesian    well,   strongly 

impregnated   with  sulphureted   hydrogen.     This  well  is   1,350   feet 

deep  and  its  flow  is  very  strong.     The  log  of  the  well  has  been  lost, 

but  it  is  lx?lieved  that  the  main  flow  comes  from  the  St.  Peter  sandstone 

(First  sandstone  of  Swallow). 

One  of  the  most  interesting  wells  in  tlie  State,  and  probably  one  of 
the  oldest  drill  wells  in  the  United  States,  is  the  Spaulding  artesian 
well  in  the  north  part  of  Ralls  Count}^  10  miles  west  of  Hannibal.  It 
was  drilled  by  hand  to  a  depth  of  300  feet  about  1823,  by  the  Govern- 
ment, in  search  of  brine  for  the  manufacture  of  salt.  The  water  is  very 
strongly  impregnated  with  salt  and  sulphureted  hydrogen.  The  flow 
is  very  strong  and  has  never  perceptibly  decreased.  The  source  of  the 
water  is  undoubtedly  St.  Pet<»r  sandstone  (First  sandstone  of  Swallow), 
as  this  horizon  outcrops  in  greatly  tilted  beds  a  mile  to  the  southeast. 
A  hotel,  lake,  bath  house,  and  pleasure  grounds  adjoin  the  well. 

At  Bowling  Green,  in  Pike  (bounty,  the  B.  B.  springs  curry  509 
grains  of  mineral  matter  to  the  gallon,  475  grains  of  which  are  mag- 
nesium sulphate.  The  water  is  derived  from  Hannibal  shales.  Not 
far  distant  from  these  are  the  Iris  and  Ionian  springs,  and  the  Kalinat 
well,  owned  by  Mr.  I.  R.  Stevens.  The  Kalinat  water  is  somewhat 
nimilar  to  the  B.  B.  water  in  composition,  and  probably  has  its  source 
in  the  Hannibal  shales. 

This  central  district  has  already  been  rcfcrrwl  to  jis  the  main  arte- 
sian region  in  theStat<\  Wells  of  thischanicter  arc  located  at  Hunts- 
ville,  Randolph  Coimt}  ;  Salisbury  and  Brunswick,  Chariton  County; 
Carrollton,  Carroll  County;  Sebree,  Howard  County;  Sweet  Springs 
and  Malta  Bend,  Saline  County,  and  Smithton,  Pettis  County.  The 
Carrollton  well  is  241  feet  deep.  The  principal  How  of  saline  water 
was  struck  at  a  depth  of  200  feet,  at  the  biise  of  the  Cherokee  shales. 
The  Brunswick  well,  of  sulpho-saline  water,  is  1,500  feet  deep  and  was 
sunk  at  a  cost  of  Jf  1,500.  Its  prol)a})le  source  is  St.  Peter  sandstone 
(First  sandstone  of  Swallow).  A  strong  flow  of  very  salt  water  was 
struck  at  600  feet,  probably  in  the  Cherokee  shales,  but  this  was  shut 
off  by  casing.  The*  Salisbury  artesian  well,  also  sulpho-saline,  war 
sunk  by  the  city  to  a  depth  of  852  feet  and  at  a  cost  of  $2,50i). 
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At  Malta  Bend,  in  Saline  County,  un  tirtcsiati  \vv\\  \va^  sttrik  Um 
depth  of  1,S50  feet  The  first  flow,  ^tron^ly  clutr^ed  with  njilt  aiid 
sulphureted  hydrogen,  was  struck  at  <j4n  feet,  in  ('beruk<  i?  ( *}  HtmU^, 
At  840  feet  a  stronger  flow  of  salt  wat<?r  wa^  ^struck  in  HJnulsUme  (*St. 
Peter  sandstone  t).  At  Sweet  Springs  a  s^trong  flow  of  sulpbd-^line 
water,  estimated  at  840  gallons  per  miuiit^^  was  shurk  in  a  wf'll  i J^T4 
feet  deep.  The  cost  of  this  well,  t8,tJO0,  wm  ralsinl  by  hlUim  riptiim. 
Excepting  a  few  chalybeate  springs,  the  most  notable  s]»nn^  inilj# 
central  district  are  the  Sweet  and  Mi^Aliii^ter  8pniij^h^.  A  few  ypttPi  I 
ago  the  former  was  a  noted  resort  in  the  Stiite,  with  a  fine  hotel  and  I 
park.  Since  the  burning  of  the  hotel  the  property  has  dept^oi-iai^,  | 
but  the  mildly  saline  water  is  still  shipped  fmm  the  bottlin^*^  wfjrkib  I 
The  McAllister  springs  are  in  a  group  located  about  5  miU^>  fvom  ■ 
Sweet  Springs,  the  more  important  of  them  lieitig  the  BW^k  Sul 
phur  and  two  salt  springs  situated  in  the  old  buffalo  tick  provioud^ 
described.  The  conditions  for  well  water  are  stmilur  to  those  mm- 
tioned  in  the  Lower  Coal  Measures  of  the  eaj^tern  nection. 

In  the  western  section  of  the  North-Ontntl  Pbio,  ou  the  wojlow 
flanks  of  the  Ozark  dome,  are  two  groups  of  artesian  welU,one  atOift* 
ton,  in  Henry  County,  the  other  in  Vernon  t>>unty,  at  Nevada  and 
Smithton.  The  writer  is  indebted  to  Dr,  J.  H.  Britt^,  of  CBmbm^tm 
records  of  the  seven  wells,  five  of  them  flowing,  which  w&m  wmk  it 
that  place.  Well  No.  1  was  sunk  to  a  <k>pth  tif  ^(H)  feet.  At  425  fe6t 
a  flow  of  200  gallons  per  minute  was  obtiiined  from  tlie  Moreau  (Second) 
sandstone.  At  800  feet  a  flow  of  400  ^^jillons  was  obtained  from  the 
Gunter  sandstone  (Third  sandstone).  Well  No.  7,  sunk  to  a  depth 
of  818  feet,  flowed  1,000,000  gallons  dally,  surpassing  all  the  othi^n* 
combined.  It  derives  it.s  supply  from  fhe  (Tiinter  HKndstone.  Tbis 
well,  which  yields  a  slightly  alkaline  sulphur  water,  furnishes  an  abun- 
dant supply  for  the  city.  Three  of  these  wells  are  adjacent  to  one 
another,  and  their  surplus  waters  form  a  beautiful  lake,  which,  with 
a  hotel  and  park,  make  a  tine  pleasure  resort. 

At  Nevada,  Vernon  County,  a  well  was  sunk  to  a  depth  of  900  feet, 
at  a  cost  of  $2,500.     The  principal  water  was  reached  at  a  depth  of 
550  feet,  probably  in  the  St.  Peter  sandstone.     A  beautiful  park  and 
lake  surround  this  well.     Another  small  artesian  well  is  located  at^ 
Smithton,  in  the  same  county. 

The  three  Vjcds  of  limestone  of  the  Henrietta  formation  and  some  of 
the  sandstone  beds  of  the  Cherokee  shales  are  all  water  bearers  and 
supply  good  waters. 

OZARK-ST.   FRANCIS   DOME. 

This  is  an  area  of  decided  uplift  that  extends  from  Missouri  River 
to  the  Red  in  Arkansas,  and  from  the  Mississippi  into  Indian  Terri- 
tory.    The  rocks  dip  gently  in  every  direction  from  the  elongated 
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axis.  Erosion  has  cut  deep  valle3's,  especially  on  the  eastern  side. 
The  two  highest  points  are  Tauin  Sauk,  in  the  St.  Francis  Mountains, 
where  an  elevation  of  1,800  feet  is  reached,  and  Cedar  Gap,  in  Wright 
Count3%  1,700  feet  above  sea  level.  Structurally  this  area  is  somewhat 
complex,  divergent  anticlines  merging  into  the  main  fold.  There  is 
strong  evidence  of  two  distinct  periods  of  elevation.  In  the  St.  Fran- 
cis Mountains  the  granites  and  porphyries  are,  it  is  believed,  of  Algon- 
kian  age.  The  major  portion  of  the  Ozarks  are  alternating  beds  of 
sandstones  and  dolomites  belonging  to  the  Silurian  and  Cambrian. 
Bordering  these  sandstones  and  dolomites  are  narrow  belts  of  Devo- 
nian and  Mississippian  rocks.  This  is  preeminently  a  district  of  great 
springs  and  caverns.  In  the  St.  Francis  region,  however,  springs  in 
the  crystalline  rocks  are  extremely  rare.  Considered  geologically, 
the  lowest  water-bearing  horizon,  and  the  most  prominent  one  in  the 
State,  is  the  Gasconade  limestone  (Third  Magnesian).  This  has  a  maxi- 
mum thickness  of  500  feet,  is  frequently  cavernous,  and  some  of  the 
largest  springs  in  the  country  flow  from  it. 

Mammoth  Spring,  in  Arkansas,  for  example,  just  over  the  State 
line,  with  its  source  in  Missouri,  has  a  flow  of  226,195,200  gallons  per 
day.  This  is  one  of  the  largest  springs  in  the  world.  Bennett's  or 
Bryce's  spring,  in  Dallas  County,  has  a  flow  of  161,508,000  gallons  per 
day.  Ha  Ha  Tonka  or  Gunter's  spring,  in  Camden  County,  has  a 
flow  of  158,982,(K)0  gallons  per  day.  Other  immense  springs  are 
found  in  this  formation.  Greer  Spring,  in  Oregon  County,  is  reported 
by  Prof.  H.  B.  Shaw,  of  Missouri  State  University,  in  his  paper  on 
The  Water  Power  of  Missouri,  published  by  the  university  press,  to 
have  a  flow  of  42,000  cubic  feet  per  minute.  Meramec  Spring,  in 
Phelps  County,  is  reported  by  the  same  authority  to  have  a  flow  of 
7,500  cubic  feet  per  minute.  Double  Spring,  in  Ozark  County,  the 
Waynesville  and  seveml  other  springs  in  Pulaski  County,  and  a  num- 
ber in  Miller,  Cmwford,  and  Morgan  counties  swell  this  record.  As 
would  be  expected,  great  caves  and  enormous  sink-holes  abound,  the 
latter  marking  the  course  of  underground  channels.  The  imderground 
channel  of  the  stream  probably  forming  Mammoth  Spring,  in  Howell 
County,  is  outlined  by  the  ^' Grand  Gulf,''  a  wonderful  sink  three- 
quarters  of  a  mile  long  by  200  feet  deep.  From  the  })ottom  of  this 
chasm  a  cave  leads  into  a  more  recent  channel,  exposing  the  stream, 
which  flows  out  as  Mammoth  Spring.  The  water  from  this  formation 
is  clear,  cold,  moderately  hard,  and  carries  from  10  to  15  grains  per 
gallon — mainly  lime  and  magnesian  carbonates. 

The  Trenton  limestone  is  a  prominent  water-carriei*  in  JeflTerson 
County.  The  ''Big''  or  ''House's"  spring  may  be  mentioned  as  an 
example  from  this  horizon. 

In  the  Delthyris  shales,  of   the   upper  Silurian,  springs  are  par- 
ticularly abundant  and  in  Perry  County  are  often  large. 
1KB  114—05 15 


218       UNDKKUUnPNI^    WATKUH,   EAs^TEHN    UNITED   «TATKH-      l>4«^  ll^| 

p  In  tbo  t?hatitt!au  jj^nntp  tiw  found  wt*uk  imt  highly  tiitm»ralm4 
hf| » r*] n ^s,  N 1^ s i  t< i  t lu*  CJ itSi'OTUiilt.^  1  i r rK^>4t< »m%  t ho  Hu rll n^i u ii  I i tinrj«t*»Hu 
is  tlie  inoji^t  inijjortant  water- bear ing  horizon  in  this  area*  Cave.i  ainJ 
lar^c  j^jirin^^f*  of  n^riuukaljUi  puritv,  carrying  from  15  to  2U  gniUH  yf 
rarbonati^s  of  liiiie  and  magnesia  to  the  ^mllon^  at*e  fuurid  everywhere 
iri  tilt*  horizi»n»  not  ably  in  (iretsne,  LiiwreiR'tv  Newton,  McDoimW, 
Barry,  and  (Christian  eoimtiea. 

L^  The  Sl  Louis  lifticytonts  liesides?  being  t*avenious,  iticludc«s  mmt 

Ijlarge  Hpringn. 

p  W h il 0  o II I y  th e  in o re  p ron i  i  n e n  t  wate r - Ijcar i  n g  strata  h t\ ve  liec n  mea- 
tioned,  it  miglit  be  said  that  small  but  pure  cold  sprin^^s  an?  numeroiui 
in  all  tlu*  formations  of  the  OzarLs.  A  few  chalylteate  springs,  issuing 
mainly  froui  ferruginous  isands tones,  are  found  throughout  the  dLstrid, 
A  f e  ^v  s u  I  p i  I o  - e hal y  beat^  s p r i  ngs  o f  co ns i<le  ra bl e  v al uc  iss iic  from  the 
tf  ray  dan  Siindstone  of  the  MissisMppiau,  notably  those  at  (imydoii 
knt]  Kudora  Spring>«,  in  Polk  County,  and  at  Paris  Springs,  in  Ijaw- 
l^ncii  County,  Several  eities  in  this  distriet  derive  their  water  supply 
from  large  springs*  Springfield,  a  eity  of  39,0<X)  inhabitiintjB,  i^  siij^ 
plied  entirely  from  the  Ful bright  Spring,  which  issues  from  the  Bur* 
lington.     This  remarkalily  pure  spring  earriei*  only  about  10  grainit  of 

I  luineral  matter,  mainly  calcium  carf>onate,  to  the  g)illon> 

I     A  few  small  artesian  welts  are  found  in  thii?  district  in  STcDofiaWj 

rNewt on,  Cyhristian,  Camden,  Miller,  Cole,  Jeffei's^on,  and  Caja^  Gimr* 
dean  counties.  In  St.  Louis  (Vmnty  is  found  :i  ivutTrulitrly  hitt'n^stiii^^ 
artesian  basin,  formed  by  Ordovician  and  Mississippian  rocks  dipping 
strongly  underneath  a  patch  of  surface  Coal  Measures  in  the  center. 

SOUTHEASTERN   LOWIJINDS. 

In  this  district  the  question  of  pure  drinking  water  has  been  a 
serious  problem.  There  are  practically  no  springs.  The  country  is 
low  and  frequently  swampy,  and  the  surface  water  contains  considera- 
ble organic  matter.  The  discovery  of  artesian  water  in  a  well  sunk 
about  one  year  ago  at  Campbell,  Dunklin  County,  to  a  depth  of  910 
feet  now  points  to  an  easy  solution  of  this  difficulty.  The  first  flow 
of  water  in  this  well  was  reached  at  a  depth  of  135  feet,  but  the  prin- 
cipal source  was  found  at  the  bottom  of  the  well.  The  water  is  soft 
and  slightly  charged  with  sulphur. 

COMMERCIAL.  SPRINGS. 

Besides  being  used  as  resorts  or  as  adjuncts  to  sanitariums,  18 
or  more  springs  place  the  waters  on  the  market.  In  1902  these 
springs,  a  list  of  which  is  given  below,  reported  shipments  of  963,545 
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g^allons,  valued  at  $204,270/*    The  water  is  used  for  table  and  medici- 
nal purposes. 

Akesion  or  Healing  Spring,  Sweet  Springs,  Saline  County. 

American  Mineral  Springs,  St.  Louis  County. 

B.  B.  Mineral  Springs,  Bowling  Green,  Pike  County. 

Blue  Lick  Springs,  Blue  Lick,  Saline  County. 

Browns  Lineville  Springs,  Mercer  County,  near  Lineville,  Iowa. 

£:idorado  Springs,  Eldorado  Springs,  Cedar  County. 

Excelsior  Springs,  Excelsior  Springs,  Clay  County. 

Haymakers  Lineville  Springs,  Mercer  County,  near  Lineville,  Iowa. 

Jackson  Lithia  Spring,  Jackson  County. 

Lineville  Mineral  Springs,  Mercer  County,  near  Lineville,  Iowa. 

McAllister  Springs,  McAllister,  Saline  County. 

Magnesia  Gusher  Spring,  Canton,  Lewis  County. 

Moiiegaw  Springs,  Monegaw  Springs,  St.  Clair  County. 

Mysterious  Medical  Spring,  Canton,  Lewis  County. 

Ponce  de  Leon  Well,  Desoto,  Jefferson  County. 

Randolph  Springs,  Randolph  Springs,  Randolph  County. 

Sweet  Springs,  Sweet  Springs,  Saline  County. 

Windsor  Spring,  Windsor,  St  Louis  County. 

PRINCIPAI^  PUBL.ICATION8. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  164-170. 
Preliminary  list  of  deep  lx)ringsin  the  United  States,  pt.  1,  by  N.  H.Darton:  WatAjr- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  58-59. 
Mineral  waters  of  Missouri,  by  Paul  Schweitzer:  Missouri  Geol.  Survey,  vol.  3,  1892. 
Missoari  [well  and  spVing  records],  by  E.  M.  Shepard:  Water-Supply  and  Irrig. 

Paper  U.  S.  Geol.  Survey  No.  102,  pp.  389-440. 
Spring  system  of  the  Decaturville  dome,  Camden  County,  Mo.,  by  E.  M.  Shepard: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp.  113-125. 


a  Peale,  A.  C,  Mineral  Reaourccij  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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The  anderifrDund  water  r^rtourceg  of  Town  arc  of  two  elassea.  The 
tiifit  ititludefs  ihosjt^  IkhIios  uf  ground  wat<*r  which  nre  fed  bv  th«  Icx*l 
mi  u  fall  and  nre  reached  by  com  in  on  wells,  or  i&Mue  ai*  tjpring^  wherever 
th(\  ground- wnk'T  Hurfiioc  isi  i\^ached  by  valley^*  Arl^e^sian  waten*,  the 
8 world  v]ms,  *uniprii^o  tho  more  deeply  cin ulatiiig  water j^  which  move 
under  prc^s«urt3  through  jwrineable  layei's  of  the  eatth'i;*  cruist- 

I  On  account  of  the  abundimt  rain  full  of  the  State,  thoit5  aj>[iimn!t  to 
hi^  ntJ  coii.^idonihl<^  area  where  the  waters  of  the  first  clas«  ai*e  not  found 
within  vmy  drilling  diistiuice  in  ciuantitie.'^  s^utBeient  at  least  for  donii'sj'ic 
and  farm  imefi.  Tlieir  di.*<trihutiQn,  however,  is  governed  by  certak 
geologic  conditiou8  which  will  1h5  briefly  sket^i^hed, 

THE    DU1FTLE8S   AREA. 

This  area  includes*  a  rc^latively  .small  tract  in  northeajstern  Towa  whicb 
was  never  covered  l>y  the  various  ice  ^sheets  which  ^spread  deiK>9its 
of  drift  over  the  remainder  of  the  State,  Ity  maturely  dissected 
surface  has  a  greater  relief  than  exists  elsewhere  in  Iowa,  having  a 
maximum  range  of  600  feet.  The  ground  water  level  lies  low  within 
the  steep-sided  and  narrow  ridges.  The  limestones  which  in  part  form 
the  surface  of  these  uplands  are  pitted  with  sinkholes  through  whicb 
the  rainfall  drains  into  cavernous  passages  and  rapidly  finds  way  to 
underlying  massive  and  porous  sandstones  of  great  storage  capacity, 
which  supply  copious  springs  wherever  they  are  cut  by  the  valleys. 

WATERS  OF   THE   DRIFT. 

Outside  the  driftless  area  the  State  is  covered  with  sheets  of  drift  of 
various  age.  The  most  recent  is  the  Wisconsin  drift  sheet,  occupying 
the  north-central  portion  of  the  State.  It  presents  a  surface  with 
countless  undraincd  depressions  and  streams  which  have  hardly  begun 
the  work  of  erosion.  Ground  water  here  stands  high,  and  exuding  in 
the  sags  gives  rise  to  the  many  lakelets  and  the  extensive  sloughs  of  the 
region. 
220 


NORTON.] 


IOWA. 


221 


The  lowan  drift  sheet,  which  forms  the  surface  in  the  northeastern 
portion  of  the  State,  has  a  topography  that  is  somewhat  older  than 


Fig.  34.— General  geologic  section  of  Iowa. 


that  of  the  Wisconsin,  the  hikolets  and  sloughs  having  been  largely 
drained  by  the  natunil  erosion  of  the  streams.  | 


^222     uNOERtmorHB  waters,  rastkrn  united  states,    (puh 

^^    Except  a  nurrnw  ship  nUm^  MiHhisHippi  HivTi%  uxU^idiii^  from  ^xjttt 

t  ('ouTily  «outliwunl,  wliii'h  wjij<  tnvtidecl  from  ih(^  <^ftst  liy  11h>  Illinoiin 
it'O^tfio  rrniuiiidt'rur  llw  Stnti*  in  tHJVnnMl  with  tlit'  Kairnjin  drift  shM, 
an  olil  drift  din^ply  WinitlieiTfl,  and  for  tfi*^  tno^t  j>sirt  ituicJi  cut  i»Y 
stnmms  tjoftuv  thf^  diqxjHitioti  of  th«^  Hurfaco  hi  It  known  a.** '*lot\*i.'* 
litnienth  I  ho  Kaiisati  lowtigeoIogisLs  huvt*  re<*(>*r!jizt*d  .stiH  eiirlior  drift, 
witluMjt  siirfntH*  outcrop,  known  Jis  the  **piv-Kansan/' 

Ovt^rluppipg  one  another  like  tlie  shingle.s  nn  n  roof^  the.<^€*  bnmti 
HhH*ts  of  stony  fdaj,  with  their  attendant  hed?J  of  Hand  and  jj^ravH, 
largely  control  the  diftstrthution  and  the  quality  of  thogrouml  water o( 
com II ton  w*'lls.  The  Miff,  stony  eJayg  of  which  the  drift  in  ehiofly  coiu* ' 
poHed  an>  impervion^^and  dry,  water  heing  found  only  in  tht*  «ieam^of 
??;aiul  and  ^mvid  inciudecl  within  the  uias.'*  of  the  drift  nheet,  and  ej<|)e- 
cially  in  the  broad  gmvel  and  f^and  layeiif*  hy  which  the  sucrei4»*ii*e 
.shect.H  of  di'ift  ai'c  ofti*n  seiiaratt'd,  or  which  often  immediateh^  c^ve^rlie 
the  country  rcx^k,  Thui*  ihv  Buchanan  gnivel,  a  weathered  and  thtir- 
onghly  oxiilized  deposit  i)f  Kansan  a^je,  h  an  important  s^iource  of  mp- 
ply,  *nen  wlitnv  lying  beneatli  the  stony  chiy;^'  of  more  recent  ico 
invfl-'^ioui^, 

""  I  Thii  drift  m  bo  thick  and  the  db^tancc^  to  the  various  water-betirio^ 
layers^  m>  great  tliat  well^  must  frequently  In*  Hunk  to  depths  of  UN* 

'  ft'ct  or  more*  Except  on  special  areivM  ?such  a^  river  plains,  wbero 
ground  water  stand.*^  near  the  surface,  the  windmill  is  a  marked  featurt^ 
of  the  tj'pical  Iowa  landscape. 

ARTESIAN  WATERS. 

The  artesian  field  of  Iowa  is  part  of  the  extensive  artesian  area  of 
the  upper  Mississippi  Valley,  which  includes  also  a  portion  of  Missouri, 
a  large  part  of  Illinois,  and  southern  Minnesota  and  Wisconsin. 
The  catchment  area  of  the  field  lies  for  the  most  part  in  the  two  States 
last  mentioned.  From  this  gathering  ground  a  succesaion  of  beds 
which  supply  all  the  requisite  conditions  for  artesian  wells  slope  south- 
ward. The  series  consists  of  many  broad  sheets  of  limestones,  some- 
times cavernous,  of  impervious  shales,  and  of  close-textured  to  porous 
sandstones,  whose  total  thickness,  as  found  by  adding  together  the 
maximum  thicknesses  of  the  different  formations,  amounts  to  6,000  feet 
These  strata,  which  include  representatives  of  nearly  all  the  stages  of 
the  Paleozoic  system,  and  in  western  Iowa  of  some  of  the  Mesozoic, 
rest  on  a  floor  of  quartzites  and  schists  of  Algonkian  age.  In  north- 
ern Iowa  the  strata  also  dip  from  the  eastern  and  western  boundaries 
of  the  State  toward  a  median  line,  forming  a  shallow  trough  or  syn- 
cline,  whose  axis  lies  in  about  the  longitude  of  the  upper  Des  Moines 
River.  In  southern  Iowa  the  western  limb  of  this  sj^ncline  is  depressed, 
and  under  the  southwestern  counties  the  rock  sheets  lie  more  nearly 
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tho  cities  tho  larj^er  number  of  artesian  wells  are  of  private  owner- 
ship, having  been  sunk  by  various  manufacturing  companies,  such  as 
packint^  establishments,  breweries  and  bottling  works,  glucose  works, 
and  ice  factories.  In  the  munber  of  artesian  wells,  Davenpgrt  heads 
the  list  with  14  or  more.  For  smaller  towns  artesian  water  forms 
an  ideal  suppl}- ,  and  about  30  of  such  towns  within  the  State  have 
already  availed  themselves  of  it.  Pure,  unpolluted  artesian  waters 
are  provided  for  a  number  of  the  State  institutions,  including  the 
State  College  of  Agriculture  and  Mechanic  Arts,  the  two  peniten- 
tiaries, two  hospitals  for  the  insane,  and  three  of  the  minor  institutions. 

MIKKRAL.  8PR1NG8. 

Six  of  the  springs  of  Iowa  reported  sales  of  their  water  for  table  or 
medicinal  uses  in  1902.     They  are  as  follows: 

B<K)ne  Mineral  Well,  Boone,  Boone  County. 
Ck)lfax  Mineral  Spring,  Colfax,  Ja8|)er  County. 
Fry's  Colfax  Mineral  Springs,  Colfax,  Jasper  County. 
Lake  View  Medical  Spring,  Lake  View,  Sac  County. 
Ottumwa  Mineral  Springs,  East  Ottumwa,  Wapello  County. 
White  Sulphur  Spring,  near  Davenport,  Scott  County. 

The  sales  reached  an  aggregate  of  152,050  gallons  valued  at  ^14,655.** 

PRINCIPAT.  PUBIjICATIONH. 

Mineral  springs  of  the  Unite<l  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  161-163. 
Preliminary  list  of  deep  lx>ring8  in  the  United  States,  pt.  1,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  .31ML 
Art^ian  wells  of  Iowa,  by  W.  H.  Norton:  Iowa  (Jeol.  Survey,  vol.  6,  1897. 

«  IVale,  A.  (\.  Miiieml  Ri'sources  V.  S.  for  1902,  V.  S.  (Jeol.  Survey,  1904,  p.  99«. 


Tlic  topognipbic  ftiitiires  of  Minnesota  aix?  Bimpli%  nml  it**  ivH<*fii 
low.  The  hiii;he8t  point  of  the  State^ — the  Mi^quah  IIillw  in  thenorfii- 
cjistern  comer  —is  onl 

«hore  of  I^ke  Su|K^rior  at  6i*2  feet.  The  avera^^  elevation  is  \m 
eloBCt  to  1,20<I  feet,  ^inee  (here  are4^*3i>0.s*juare  iiiiles*  l>elow  and  41,8^' 
^juare  iiiileB  iiJwve  the  1, 2(^)0- foot  level. 

WATER  IlFji^iOUTlCES. 

The  north  east  ten}  portion  of  the  Stjite  i^eeniji  m  thon  Highly  wo!t 
watennl   by   ^treAiii?^,    lakes*   and   f^pririg^i   that    thiis   fai*   there  Im 
been  no  strong  deriianti  for  iirtesian  water,  and  indeed  the  rrystallinp 
roeks  Ij'ing  innnediutely  beneath   the  glai-ial  drift  offer  an   etfectuai 
imr  to  artesian  boring.     In  the  central  jx^rtion  of  the  State  then>  i^ 
an  occasional   btusin  in    which  artesian  waters  gather  and   in  whicli 
there  arc  wells  of  niodemte  depth.     In  these  fmrts  of  the  State  iniit^h 
of  the  surface  is  too  high  to  obtain  flowing  water,  and  is  so  high  that 
only  occasionalh"  can  supplies  be  obtained  by  pumping.     Thus  the 
southeastern  and  northwestern  portions  of  the  State  are  the  only  areas* 
which  may  be  regarded  as  artesian  basins  in  any  broad  sense  of  that> 
term. 

Exploration  for  water  in  Minnevsota  during  the  last  twenty-five  years 
has  shown  that  artesian  waters  are  derived  from  a  wide  range  of  geo- 
logical formations,  which  are  grouped  according  to  geologic  age  into 
Eo-Paleozoic,  Cretaceous,  and  Glacial  drift.  There  are  few  areas 
within  the  State  where  waters  are  not  obtainable  from  at  least  one  of 
these  three  groups,  if  they  be  obtained  at  all. 

WATER-BEARING   STRATA. 

There  are  no  water-bearing  strata  lielow  the  Paleozoic.     Within  the 
Cambrian  and  Ordovician  rocks,  which  stretch  in  a  widening  belt  from 
Duluth  southward  to  the  Iowa  line,  is  a  succession  of  sandstones  alter- 
nating with  shales,  dolomites,  and  dolomitic  limestones  that  yield  copi- 
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ous  supplies  of  artesian  waters.  Comparatively  little  exploration  has 
been  done  within  this  area  from  Duluth  southward  to  Hinckley,  the 
rocks  being  too  thin  and  too  high  above  the  sea;  but  from  Hinckley  to 
the  Iowa  line  scores  of  wells  have  been  sunk,  which,  with  very  few 
exceptions,  3neld  a  supply  of  water. 

Camhrian, — This  series  of  dolomites,  shales,  and  sandstones  varies 
considerably,  as  shown  by  many  exposures  in  the  upper  Mississippi 
region.  In  the  St.  Croix  region  is  a  series  to  which  Dr.  C.  P.  Berkey 
has  given  the  name  Basal  sandstone."  At  the  base  of  this  series  is  a 
persistent  sandstone,  attaining  a  thickness  of  1,000  feet  at  Minneapolis 
and  gradually  thinning  out  in  all  directions  as  though  beneath  this 
point  was  the  deepest  part  of  a  great  basin  of  deposition.  So  fre- 
quently has  this  bottommost  sandstone  layer  been  reached  in  artesian 
well  boring,  that  its  characters  and  those  of  the  overlying  rocks  are 
thought  to  be  pretty  definitely  established. 

Above  this  sandstone  is  a  bed  of  shales  and  dolomites  of  varying 
thickness  and  texture,  which  is  called  locally  the  St.  Lawrence  forma- 
tion. Upon  it  rests  another  sandstone  series  called  the  Jordan,  which 
locally  attains  a  thickness  of  116  feet.  This  is  remarkabl}'^  porous  and 
is  strongly  water  bearing,  yet  it  is  made  up  of  unusually  well-rounded 
and  symmetrical  grains,  varying  in  coarseness  from  one-sixteenth  of 
an  inch  down  to  granules  of  extreme  fineness. 

Ordovician,—ViQsimg  upon  the  Jordan  sandstone  Ls  the  Oneota  for- 
mation, the  most  massive  and  uniform  as  well  as  the  thickest  bed  of 
dolomite  within  the  State.  While  the  Oneota  formation  in  many 
places  is  very  porous  through  its  dolomitization,  it  nowhere  carries 
water  sufficient  to  serve  as  a  source  of  water  supply. 

Above  the  Oneota  is  a  layer  of  sandstone  called  the  New  Richmond 
sandstone.  Although  this  is  a  very  thin  layer,  nowhere  exceeding 
20  feet  in  thickness  and  in  places  completely  lost  sight  of  by  well 
borers,  yet  in  a  few  localities  it  has  become  the  source  of  a  generous 
water  supply.  Upon  this  New  Richmond  sandstone,  which  appears  to 
be  the  basal  conglomerate  of  the  Canadian  series  of  the  upper  Missis- 
sippi Valle}^  rests  a  dolomite  of  somewhat  unique  characters,  which 
for  Minnesota  has  been  named  the  Shakopee.  This  is  of  var3'^ing 
thickness  and  everywhere  thoroughly  dolomitized.  It  represents  a 
formation  much  altered  from  its  original  condition.  That  it  once  was 
much  thicker  than  at  the  present  time  there  is  every  reason  to  believe. 
It  sometimes  carries  small  lenticular  beds  of  sandstone,  which  in  certain 
portions  of  the  State  appear  as  quite  conspicuous  features  in  the  for- 
mation.    Elsewhere  their  absence  is  a  marked  characteristic. 

Resting  upon  the  Shakopee  with  some  unconformity,  evidenced  in 
part  by  the  varying  thickness  of  the  Shakopee  beneath,  is  a  persistent 
sandstone  called  the  St.  Peter.     This  sandstone  at  Minneapolis  and 

a  Berkey,  C.  P.,  Geology  of  the  St.  Croix  Dalles;  Am.  Geol.,  vol.  20, 1897,  v-^"^- 
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St.  Bfciil  \^  ovi'v  \W  feot  iti  thickiieH?i,     Siuthwanl    it    thm?*  ti>l^'^ 
or  80  feet,  while?  at  other  putnts  it  fieconies  thicken     Atctinliu^t 
measureiuent^  in  river  valley h  and  art**Hiaii  well  !K>rlng*s  its  thick 
is  variaible.     This  U  un  nmimmlly  strong  water- iK^arinjr  fonuutioii,! 
is  utilized  wherever  it  (xciirs  a^  a  ^toiirceof  wat4*i%     To  theiHiiiiii 
Minneii|K)lJs,  where  the  overlying  rorks  art5   i'«moved  ami  iln  v 
Peter  itself   thin  tied   by  eruHioru  it  yiekU  wali*r'  at  %'aryitig  dqH' 
pumped  iiv  wimlmilLs  for  the  Uf**^  of  the  farm  ainl  the  trurk  giitA 
Thelai;^t  of  the  Onlovician  seriess  in  this  \mrt  of  the  8latt^  j&i  the  Treo 
Gtalena  liiiieHtAHie*     I'his^  hu^  l>een  ato  erodeti  by  glacial  \seiiv  tJmr  in] 
places  it  is  not  more  than  10  or  15  feet  in  thiekne.ss,  but  elhcwh 
where  protiv^ti^i  froui  eixxsjon,  it  attains  a  thicknej*?*  of  'i<>n  or  3iH»| 
This  riK^k  efjntttitis  no  wat(?r.  Init  when  preisient  server  a«  an  effc 
cap  in  eontining  the  waters  of  the  underlying  formations. 

CM*Hratix*—Li^i^s  h  known  of  the  CretaeGoiis  than  of  any 
represented  in  the  State*  Acconiing  to  tht^  records  of  welLs,  Or 
ceous  rockM  come  in  from  the  Dakotufi,  where  wcU-deiified  Crotm^ 
beds  occur,  and  stretch  over  the  divide  of  ci^yHtnUiDe  rock^  and* 
probably  continuous  beds  of  sand*itones  and  8hali%  reach  inoiT 
half  a*'riKss  the  State*  Yet  ttiany  pM>rtion8  of  Miune«»ota,  even  in  iti 
western  half,  Hbow  no  evidence  of  the  existence  of  CretaeeouH  nx'i 
betwei^n  the  glacial  drift  and  the  underlyiiig  prc'Canibrian  I'ocfci. 
The  thieknews  of  Uie  Cretaceous  vari^^H  and  itn  altitude  above  tht?  j§t^  I* 
far  from  uniform.  The  freedom  with  ivhicli  water  i^  obtained  fnjJii 
this  formation  is  a  valuable  factor, 

Olacial  drift, — This  deposit  is  a  n^  mark  a  l.>ly  persistent  covering  for 
all  the  older  formations.  In  southeastern  Minnesota  for  a  few  thou- 
sand square  miles  it  is  absent.  Here  the  pre  raleozuic  luck^  aUiud  out 
at  the  surface  as  the  prominent  bed  rock  of  the  region.  This  area, 
named  the  drif tless  area  by  Chamberlin  and  Salisbury,  is  a  part  of 
the  physiographic  region  embracing  southwestern  Wisconsin,  north- 
western Illinois,  and  northeastern  Iowa.  The  glacial  drift  nearly 
everywhere  carries  water,  the  places  where  a  sufficient  supply  can  not 
be  found  being  very  few  indeed.  In  thickness  the  deposits  vary  from 
0  to  300  feet.  Mr.  Upham  thinks  that  in  the  western  half  of  the  State 
they  can  not  average  more  than  75  feet  and  in  the  eastern  half  they  are 
50  feet  thick  outside  the  so-called  ''drif tless  area"  of  the  south- 
eastern corner.  The  glacial  drift  affords  waters  through  three  distinct 
methods — artesian  wells,  shallow  wells,  and  springs. 

ARTESIAN    BASINS. 

The  artesian  basins  of  Minnesota  may  be  briefly  described  as  the 
(1)  Southeastern  artesian  basin,  (2)  Red  River  Valley  basin,  and  (3) 
small  local  basins. 

Southeastern  artesian  has^in, — This  basin  is  within  the  area  of  the 
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aa-Palcozoir  rwk.s.  Each  one  of  the  sevci*al  sundstones  in  the  series 
KJ  yield  water  wherever  it  is  present  under  the  necessary  conditions. 
ie«  pre-Paleozoic  rocks  are  in  the  form  of  a  great  arch  or  dome,  the 
S9fit  of  which  seeras  to  lie  in  Rice,  Goodhue,  and  Dakota  counties. 
?«om  this  dome  the  Trenton  limestone  is  worn  away  and  the  St. 
er  sandstone  has  been  subjected  to  erosion  almost  sufficient  to  sever 
i  soutliern  from  its  northern  area.     The  lowermost  of  the  sandstone 
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Fiii  35.— Artesian  basins  of  Minnesota. 


cries  in  this  region  seems  to  have  a  great  thickening  beneath  Minne- 
polLs  and  St.  Paul.  A  well  sunk  in  Lakewood  Cemetery,  Minne- 
apolis (elevation  975  feet),  disclosed  granitic  rocks  2,150  feet  bi^Jow 
he  surface.  Along  the  southern  border  of  the  State  at  Winona, 
Brownsville,  and  also  La  Cro.sse,  Wis.,  granitic  rocks  were  struck 
\t  about  525  feet  below  the  level  of  the  Mississippi,  where  the  surface 
kltitude  was  625  feet.     Since  granitic  rocks  occur  at  St.  Cloud  at  1,200 
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tiyet  abovfi  t^ea  level  the  ba^in-Mhapi'd  nuturi;  of  the  bottom  of 
waU^r  bt^urin^  district  is  clearly  *sooru 

The  S^Hithea^tern  atto***Hii  basin  Hch  witliin  the  portion  of  the 
(ir**t tsettleil.  The  po|»ultit]oti  n ithiu  t\m  region  i*  ainiparmtlt^elj  deiM, 
beirij^,  it  ih  eMinmWi],  about  ICM>  per  i*f|uare  mile*  Several  towns  and 
many  furmers  tj^vl  their  prineipiil  watur  jsupply  f  rutn  arte.'^ian  sourte^ 
It  i?<  ewtiiimted  that  *2i^0  welln  urn  now  furninhiiig  water  within  this  aret 

Hid  liftkT  Valley  Inmn. — In  RM  River  VaHey  all  thn*u  of  tlie 
groat  w ate r-lx^a ring  series  are  dniwn  uptm  for  artefiian  ?^upplies.  Om- 
piratively  few  well»  have  bi^en  r^unk  to  the  Paleoxoicixx'k^of  northw^* 
Qvi\  Minnesota,  butthene  fpw  nhow  that  thi* Cambrian andOrdo^ndaoiu^ 
water  I  h.' a  ring.  With  oxattly  wimt  formation  in  t^oiitheujstern  iliiuie^ 
K>tii  Reel  River  Valley  nandstonew  eau  be  ex^rrelaled  i^  inipoH.'^ibleto 
detenu i lie  with  tlie  data  now  avnilulile.  The  water  i^  of  ftiir  i|ualHT« 
abundant  nuantity,  and  apparently  permanent  supply.  The  Ilmn 
boldt  welU  the  deep  well  at  Mourliead^  and  a  few  othors^  ^bow  tk 
natnre  of  the  roc^ka  and  the  quality  of  the  water, 

TliL*  second   water-lieariij|^  1x^1:^  are    the    Crt*tttaK>m*  8Hndt«tofits 
TIicHi:  are  muih  more  ,Htrongly  develoj^ed  in  the  ftouthern  end  of  tlw? 
d iH tri t* 1 1 ha n  t o w a rd  t h e  n o rt) i ,  a ii d  t h ey  s h o w  a  v n ry  a ppa re n t  te n de my 
to  thin  out  in  passing  eastward  from  tJie  Red  River  and  the  \\m 
de»*  Sioux    Hiver^  which  form  the  boundary  between  the   DakotM 
luid  Minnej^ota,  toward  the  eastern  border  of  the  Red  River  lia^nia 
Indeed    it    is   thought   l>y   some    that    the    Dakota   j^irHlstoiie,    the 
the  remarkable  water-bearing   stratum  of  the  James  liiver  baj^in, 
thin^  out  and  disappears  licfoiT  the    Hed   River  Valley  is  reached. 
Whatever  the  ea*^e,  the  sandstones  which  yield  the  water  are  uneven 
in  texture,  and  of  varying  thick  ne,<3s  and  mine  nil  eom  position.     The 
number  of  wells  within  Red  River  basin  in  Minnesota  drawing  water 
from  the  Cretaceous  sandstones  is  large.     Mr.  Warren  Upham  esti 
mates « that  hundreds  exist.    Nearly  every  large  farm  in  the  valley  has 
a  deep,  or  artesian,  well  to  supply  farm  buildings,  gardens,  and  pas- 
tures.   The  surface  water  and  the  shallow  well  water  are  in  many 
places  so  alkaline  and  so  disagreeable  to  the  taste  that  they  can  not  be 
used  successfully. 

The  third  source  of  artesian  waters  is  in  the  deeper  layers  of  the 
glacial  drift.  Within  the  great  plain  of  Red  River  Valley  wells 
in  the  drift  vary  from  50  to  150  feet  in  depth,  but  in  the  moranic 
regions  to  the  east  of  Lake  Agassiz  Plain  a  greater  depth  is  fre- 
quently attained.  The  water  from  these  wells  is  wholesome  and  is 
very  generally  utilized. 

aTbe  Glacial  Lake  Agassiz:  Mon.  U.  S.  Qeol.  Survey,  vol.  25, 1895,  p.  523. 
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8HALLOW    WELLS. 

By  shallow  wells  is  meant  those  wells  from  10  to  100  feet  in  depth, 
sunk  chiefly  for  domestic  water  supply.  They  are  in  general  use 
among  the  farmers,  and  in  the  newer  towns  and  villages  there  are  large 
numbers  of  them.  In  older  communities  they  are  gradually  being  dis- 
placed by  deep  borings  or,  where  conditions  are  favorable,  by  a  supply 
from  lakes  or  streams  of  recognized  purity.  Save  in  southeastern  Min- 
nesota these  wells  are  almost  invariably  within  the  glacial  drift.  The 
water  level  in  the  drift  follows  so  closely  the  general  contour  of  the 
surface  that  there  are  few  wells  which  do  not  yield  a  sufficient  supply 
of  wholesome  water  within  shallow  depths. 

In  the  southeastern  corner,  within  the  so-called  driftless  area,  shal- 
low wells  reach  into  the  residual  material  derived  from  the  alteration 
of  the  Paleozoic  formations  which  occur  in  this  portion  of  the  State. 
The  waters  here  are  hard,  but  as  a  rule  clear  and  wholesome.  The 
water  level  is  steadily  sinking,  so  that  farmeirs  and  others  utilizing  this 
supply  are  obliged  to  bore  their  wells  deeper  than  formerly.  Old 
wells  nuist  be  deepened,  and  even  then  their  supply  is  less  than  in 
former  years.  It  is  the  general  impression  that  the  large  demands 
for  water  from  underground  supplies  exceed  the  inflow  from  the  sur- 
rounding catchment  areas,  and  thereby  the  dimiimtion  in  quantity 
becomes  a  question  of  serious  concern. 

SPRINGS. 

While  springs  occur  throughout  the  State,  there  are  certain  struc- 
tural conditions  which  locally  prevent  their  formation.  These  are  the 
stretches  of  modified  drift  and  the  glacial  lake  bottoms  extended  be- 
tween the  morainic  belts  characteristic  of  the  topography  of  the  State. 
There  are  not  less  than  twelve  of  these  moraines  in  the  State.  These 
belts  of  gravelly  ridges  and  mounds  are  the  source  of  supply  of  whole- 
some yet,  in  most  areas,  hard  spring  water. 

There  is  no  especial  mode  of  occurrence  noticeable  in  the  distribu- 
tion of  springs.  Their  ])lace  of  appearance  depends  upon  the  arnxnge- 
ment  of  the  drift  material  through  which  or  under  which  the  water 
makes  its  way,  beds  of  clay  of  greater  or  loss  extent  being  usually  the 
determining  factor.  In  the  northeast  portion  of  the  State  the  condi- 
tions of  occurrence  are  quite  simple,  since  the  waters  gathered  in  the 
shallow  glacial  drift  make  their  way  out  through  the  hollows  worn  by 
glaciation.  In  southt^astern  Minnesota  springs  occur  along  the  river 
valleys  and  represent  the  completion  of  the  underground  circulation 
through  the  pre-Paleozoic  rocks.  The  conditions  of  occurrence  are 
determined  by  the  dei)th  of  the  river  valley  and  the  composition  and 
texture  of  the  rocks  tli  rough  which  or  between  which  the  waters  flow. 
IKR  114—05 16 
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The  ^priii^  water  of  riurtheAsk*rn  MlnnesotH  seetius  to  be  softer  tbui 
any  other  wati?r  in  tb«  Stfito,  Watorsi  in  iioutbeasteru  MiiiiieHota  nu-. 
with  snirtTly  an  t»xopption,  hard.  In  the  we'^tern  part  of  the  State 
tho  uiidcn^^'^rQund  circulation  i.s  <*Giiiimratjvely  shiggi^h  throughout  the 
extent  of  the  h*vel  tracts  of  glacial  drift,  which  here  carrie*^  a  large 
proiK>rtiori  of  fragnictitri  from  caleareotiK  j^hales  and  Me^oEoic  liltJ^ 
jstoiies.  There  arc  many  alkaline  wprings  a.**  well  a*^  alkaline  welk 
^and  hardne^t^  h§  a  universal  ctLaract4?ri!^tic  of  tlie  water  In  this  |mrt  of 
the  State, 
The  following  ^jpringw  reported  sales  of  water  in  llKiSi;*' 


Hij^hLaiuI  ^^pring,  St,  Putil,  Kaiusey  CX^inty. 

iiirilan  Medical  SpritJi^,  Klk  River,  Sherbtirae  County. 

I ngi e wixwl  and  ( i Uni vvi k it  1  JSprj nK»,  M i u rieapol i*",  H e ( i n e j liii  Cuun ty . 

Mankato  Mineral  Hprings,  near  Maukato,  Blue  Earth  tbiiiity, 

Trio  Siloaiij  Springs,  Austin,  Mower  County. 


The  nitniber  of  gallons?  sold  in  given  Jis  *i,317,(KX>.     The   value  i|Pl 


dueifl 
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:  Mln^vl  apringa  of  the  United  BMob,  by  A.  C.  P^te:  Ball.  U,  B.  ijeol. 

aippp,  i5»-i  5a  :^j 

Pteliuiinary  liet  of  deep  bormgB  In  the  0nited  States^  pt,  1,  by  N.  H,  Dartoit:  Wite^ 
Supply  and  Irrig.  Paper  IT.  S.  tiool.  Survey  No,  b7^  p[*.  55-57, 

MtaneeotH  [well  reLorda],  by  C.  W.  Hail  atid  J.  E-  Todd:  Water-Supply  and  Utl$ 
l^l-ier  U,  S.  GlhiL  Survey  No.  102,  pp.  441^88. 

aPeale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  190i,  p.  986. 


WISCONSIN  DISTRICT. 


By  Alfred  R.  Schultz. 


liOCATION  AXD  TOPOGRAPHY. 

Area  included. — ^The  Wisconsin  district  lies  between  Lake  Superior 
and  Lake  Michi^n,  extending  southward  approximately  to  the  par- 
allel 41^  30',  and  comprising  all  of  the  State  of  Wisconsin,  the  North- 
ern Peninsula  of  Michigan,  and  that  portion  of  Illinois  north  of  the 
C'arlx)nif erous  deposits. 

Topography. — In  general  the  area  is  a  broad  plain,  dipping  toward 
the  south.  Portions  of  the  area  are  rugged  and  rocky  and  broken 
by  hills,  which  in  the  western  part  of  Michigan  rise  to  a  height 
of  2,000  feet.  North  of  a  central  elevation,  which  ranges  between 
1,500  and  2,000  feet,  the  remnants  of  a  mass  uplifted  in  early  geologic 
times,  there  is  an  abrupt  declivity  which  reaches  to  within  a  few  miles 

O—  Moin—  Manhalltoun  Cedar  R'nw  MintlMlppi  R.        Wiaconain  R.       Bamboo 


Fig.  36. — Geologic  section  from  Baraboo.  Wis.,  to  Dt^s  Moines*.  Iowa.    After  Norton. 

«.  DeM  McineM;  b,  Mi8si88ipplan;  c,  Kinderhook;  d,  Devonian-Silurian;  e,  Hudson  bod.s; /,  Galena- 

Trenton;  g,  St.  Peter;  A,  Oneota;  i-j,  St.  Croix,  including  Jordan,  St.  Lawnjnce,  and  Ba.sal  sandstone. 

of  the  shore  of  Lake  Superior,  622  feet  above  sea  level.  Across  the 
entire  northern  portion  of  the  area  the  divide  is  generally  close  to 
Lake  Superior.  It  is  lowest  in  the  eastern  half,  where  the  Paleozoic 
rocks  form  the  crest.  South  of  the  central  elevation  is  a  long  slope, 
which  in  the  southern  part  of  the  area  is  approximately  500  feet  above 
sea  level. 

The  central  upheaval,  together  with  two  minor  transverse  swells, 
determined  the  chief  drainage  s\'stems  of  the  area  and  in  a  general  way 
govern  the  circulation  of  the  underground  waters. 

Among  the  minor  topographic  features  are  the  elevations  due  to  the 
Baraboo  and  Wausau  quartzites,  the  Penokee-Gogebic  and  Marquett< 
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imn  mii^as  in  Mithij^an,  and  tht>  miwtootb  rid>ji^?*(if  Kcweenawaji rock 
in  tlu?  uurthweHterii  (lart  of  tho  district,  all  of  which  have  affect^  Uic 
draiiiH|jfe  imd  uiidi*r^nx)iind  oirrtilation.  Extending  (rmu  (trern  Rav, 
WIh.^  diftgdnnllv  nvrons  lljt^  anni  In  Unck  Island,  UL^  is  a  \ allry  t^x^m 
vat<Mi  in  the  soft,  t^nHiIy  eroded  i'iticiunati  sli(ik%  lt*<  ejintem  lioiindan 
IS  n  ?*lm*|j  iilo[>i\  coni|K)si'd  of  tho  n*Nii4tant  Niugnni  liiTic.«^UjtiO.  Thh 
ViiWvy  \h  nn<*  of  thn  moRt  imfKntaiit  of  iho  district,  iiijiny  flowing  well? 
Ijoinjjf  fimnd  within  it»  liorder^.  Noith  of  (IrLKni  Buy  tht'*  riv«*ix 
for  the  most  pjui,  cut  din^otly  acro-ss  tlie  inidorlyinj^  .-ihale,  but  well 
borinj^  nhow  tbiil  the  drift  iion>  iw  miieh  doo{)or  than  over  the  NtHj^mni 
liniestonfl  to  liie  east,  indieatin^f  the  continuation  of  the  ancient  vaUcy. 

I 

W    /V«^^  Cmnhrmn  roc^'-w,  — The  elevated  centiiil  n^jfion  of  WihcanNin  co« 
e*mts  of  pie'C'iimlirian  j^ranite^,  *4yeiijte*i,  and  Kcliistii*  all  baving^  a  very 

■  low  cry  stall  ine  texture  and  jJorosity, 

P  North  of  the  t^ry slalline  area  are  tlie  Iluronian  dejyosits  wbkdi  fonri 
tho  Ponokee4togebic  iion  nui^^e  wirlj  it.**  steeji  dip  to  the  nortli,  whili* 
on  the  northeast  is  the  trough  of  the  Marquette  iron  nuige,  Ik»eksiif 
the  same  age  lie  on  the  east,  soutlH*ast,  and  on  the  southwest  of  tla^ 
pre-Canibrian  elevation,  while  sujall  iJiolated  uutlicr^f  an^  found  t*eiit- 
ti^red  over  wjutb -central  Wi84'onHin. 

Till*  Keweenawan  serii^s,  whirh  overlies  the  Hui-onian^  is  confined  to 
the  northwestern  portion  of  the  area  1}  ing  north  of  the  Huronian  of 
the  Penokee-Gogebic  iron  mnge.  The  Keweenawan  series  extends 
from  the  most  northern  point  of  Keweenawan  Point  in  a  southwesterly 
direction  across  the  district  to  St.  Croix  Falls,  where  it  passes  into 
Minnesota.  The  rocks  lie  in  a  synclinal  trough  whose  axis  bears 
northeast  and  southwest.  In  the  northern  half  of  the  formation  only 
the  eastern  portion  of  the  trough  remains,  while  tho  western  portion 
probably  lies  beneath  the  surface  of  Lake  Superior.  The  rocks  con- 
sist of  basic  and  acidic  lavas,  conglomerates,  and  sandstones,  three- 
fourths  of  which  are  igneous.  The  closing  of  the  Keweenawan  age 
also  marks  the  end  of  volcanic  activity  within  the  area. 

Potsdam  HamL^tone. — Nearly  surrounding  these  pre-Cambrian  rocks, 
which  carry  very  little  water,  is  the  Potsdam  sandstone,  which  rests 
unconformably  and  horizontiiUy  upon  the  former.  North  of  the  crys- 
talline rocks  is  a  belt  of  sandstone  of  varying  width  bordering  Lake 
Superior. 

On  the  south  the  same  formation  extends  in  a  crescent  around  the 

crystalline  area,  w  ith  its  northeast  i)rong  joining  the  Lake  Superior 

belt  near  Marquette,  Mich.,  and  its  northwestern  prong  passing  into 

Minnesota  near  St.  Croix  Falls,  Wis. 

The  sandstone  adjacent  to  Lake  Sui)erior  in  the  western  half  of  the 
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urea  is  of  a  red  and  brown  color,  well  cemented  and  tirm.  Eastward 
the  color  becomes  lighter  and  the  eastern  portion  as  well  as  that  on  the 
south  is  white  or  yellow,  poorly  cemented  and  unconsolidated,  often 
crumbling  in  the  hand,  while  in  some  cases  it  is  so  hard  that  it  might 
pass  for  a  quartzite.  The  formation  consists  of  line  calcareous  sand, 
i-oarse  siliceous  sand^  shales,  marls,  and  laj'ers  of  sand  highly  impreg- 
nated with  iron  oxide,  thereby  causing  the  water  from  some  of  the 


Fl(f.  :17.— Wisi'oiisin  oiilorop  of  I'otwlam  and  St.  PrliT  simflstonos. 


horizons  to  flow  fortli  a  blood  rod.  The  rock  is  v(»ry  porous.  Its 
grains  are  angular,  and  in  some  of  the  lower  layers  as  coarse  as  No.  4 
shot.  The  sandstone  underlies  the  entire  area  to  the  east  and  south, 
dipping  eavSt,  soutJi,  and  west  on  the  sides  of  the  central  elevation. 
Its  thickness  varies  from  nothing  along  the  crystalline  margin  to  1,4S8 
feet  at  liot^kfonl.  111.  At  Streator,  111.,  it  has  a  total  thickness  of  mor 
than  1,737  feet,  showing  a  rapid  increase  toward  the  south. 
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B    Linr^T  Mn^n^f^i^n  Umeitiane, — Fri tiding:  the  Pati^clauti  laifMlzitocip  on 

thi^  iiiUith  from  tlu>*'UHt<»rii  |»tirt  of  Mirhl^in  lt*St.  Crtiix  Hiv*'r»  in  Pnll 

County^  \\  JK,  j*i  H  narrow  \m\{  of  Lower  Magiif.sian  liiiic??*totH%  ^aryiitij 

in  tliicktif^^s  from  U)  to  iiiMJ  faeL     Alotig  t^t-  Cnilx  rikI  MissU^ipji 

river^s  il  rjips  niiiny  of  the  mi n (Ik tone  ridges.     It  jjs  a  dolomitiv  witl 

eon^idemblc^  qimntitins  of  f^hert,  <TyHtall]iie  ^tmrtx.  And  quart^cn^mni! 

.'*c'jUtr*n*d  through  it  neiir  thii  middle  of  the  fornmtioru 

L    *SV.   Pti*r  itamhttmr, — Tho  St.   IVter  siuidHtont*,  wtiieh  ovi^Hif*:*  di*^ 

■l/owi*r   Maifiie^^iim   linieHtone,  eorjM^tj^  of  a  soft  in  robe  rent  rock,  of 

large  well  rounded   gniiiiH  of   quartz    varying  in   eolor    ftitnii  wlut* 

tliri>u*^dj  yellow,  phik,  to  a  diH^p  red*     Th©  fonimtion   in  mapped  in 

-^liehigaii  w  ith  th**  ]^)wer  Mngnesiari  liuie^tone  and  folio w.s  the  eiL'it<*ni 

k  11 1  gi  n  o  f  t  h  at  f o  vmn  Xum  ?«o  u  tl  i  w  a  n  1  to  th  o  1 1 1  i  n  o  iii  1  m  u  ii  <  in  r  v ,  t  h  e  m^ 

tij)  the  MWiKsippi  to  Veruon  t'ounty,  where  it  i*^  nil  ennied.      It  p^jij* 

jH'arn  in  Pi^'n^e  and  St.  i'roiK  (ounties.     I?<ulated   portions  are  ak> 

found  farther  south  in  Iflinoi.s  where  eroHton  onee  more  h&f*  hmu^ht 

it  to  the  siirfac*e.     The  northern  half  of  the  ejist^-irn  margin  i^  ccinnifl* 

enihly  thinner^  often   }*ein^'  pineh*xl   out  entirely,  n^  nhown  hy  well 

recordn.     The  formatiim  ha**  a  thiekness  varying  from  0  to  ^50  feet  in 

port  it!  [m  of  IllirioijN, 

(ralefiit-  IWnlofi  fufuMhrnr', — Thi^  Galeiia-TrGntoQ  liniestoni*  uccupic^ 
a  largo  HurHt^iat  area  extending  fnmi  (?4i«tern  Michigaji  south we*it 
aoroHw  the  efinntry  to  the  MisHiNHippi  River,  in  Crawford  Omnty*  Wis»^ 

Ut]<f  US    Cm    soutil  IU4  ifli^   snntlli'iri    hnnndjM  V    nf     Ml*'  ^li",fl'irf.        SniMll   i'^O- 

lated  patches  are  found  capping  the  highest  hills  in  Pierce  and  St. 
Croix  counties  in  west-central  Wisconsin. 

The  upp<^r  portion  is  a  dolomite  w  hile  the  lower  is  more  of  a  lime- 
stone. The  various  beds  of  this  formation  are  often  separated  by 
shale.  The  rock  contains  n)any  cracks  and  fissures  which  are  partly 
tilled  with  calcite,  pyrite,  marcasite,  galena,  and  sphalerite.  The  com- 
Idned  thickness  of  the  Galena-Trenton  varies  from  200  to  350  feet. 

C!ncui7uiti  Hhah\ — Overlying  the  Galena  limestone  is  a  formation 
composed  largely  of  bluish  to  greenish  shale  with  occasional  thin 
bands  of  limestone.  This  shallow  sea  deposit  is  known  as  the  Cincin- 
nati shale  and  is  one  of  the  most  impervious  strata  of  the  area. 
These  soft  shales  arc  easily  eroded  and  seldom  exposed.  They  out- 
crop in  a  narrow  belt  seldom  more  than  a  few  miles  in  width  and  close 
under  the  protecting  Niagara  limestone,  extending  from  eastern  Mich- 
igan southwestward  to  Rock  Island,  111.,  forming  for  the  most  part 
the  Green  Bay  and  Rock  River  basins.  Another  prong  extends  south- 
east from  Lee  County,  111.,  around  the  Carboniferous  deposits  to  the 
southern  boundary  of  Ford  County.  A  small  area  is  found  also  in 
northwestern  Illinois,  along  the  Mississippi  River.  The  thickness  of 
the  formation  may  be  placed  between  150  and  450  feet. 

Niagara  luae^Unui. — East  of  the  Cincinnati  shale  occurs  the  Niagara 
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limestone,  which,  in  a  few  places,  is  separated  from  the  shale  by  the 
Clinton  iron-ore  deix)sits.  The  Niagam  deposit  varies  in  thickness 
from  450  to  800  feet  and  extends  from  the  eastern  point  of  Michignn 
around  the  lake  on  its  western  shore,  passing  into  Indiana  southeast 
of  Chicago.  A  small  area  is  also  found  along  the  Mississippi  River 
north  of  Ro<'k  River,  capping  many  of  the  mounds  in  southwestern 
Wisconsin.  The  formation  has  a  large  surficial  extent  in  the  eastern 
ptirt  of  the  area.  It  is  composed  largely  of  calcium  and  magne^sium 
carbonates^  and  contjiins  a  large  number  of  flints.  Some  portions  are 
hard  and  cherty,  while  others  are  inclined  to  be  sandy. 

Later  rockn, — Later  deposits  of  rock  within  the  area  are  of  minor 
importance  and  occur  over  very  small  areas.  \x\  Milwaukee  and  Ozau- 
kee counties  in  Wisconsin  occur  small  deposits  of  the  Ix)wer  Helderl^erg 
limestone,  while  in  Milwaukee  and  St.  Ignace,  Mich.,  and  south  of 
Rock  Island,  111.,  occur  remnants  of  a  more  extensive  Devonian 
deposit. 

Drift, — The  entire  area  was  overridden  by  glaciers,  except  a  small 
part  along  Mississippi  River,  extending  from  Alma,  Wis.,  eastward 
to  Grand  Rapids,  thence  southward  until  it  crosvses  the  Mississippi 
again  near  Savanna,  111.,  passing  into  Iowa.  The  ice  sheet  left  a 
heterogeneous  deposit  of  clay,  sand,  lK)wlders,  etc.,  of  varying  thick- 
ness, burying  and  modifying  the  minor  topographic  features,  and 
governing  to  a  large  extent  the  drainage  and  the  occurrence  of  surface 
water  throughout  the  greater  portion  of  the  area. 

LdcmiAne  deposits.  — Along  the  borders  of  Lakes  Michigan  and  Supe- 
rior are  lacustrine  deposits  composed  of  alternating  layers  of  red  clay 
and  beach  sand.  These  deposits  offer  one  of  the  cheapest  and  most 
sixtisfactory  means  of  o})taining  water  for  both  fann  and  city  purposes. 

WATER  8UPPLIE8. 

From  the  foregoing  brief  description  of  the  topography,  drainage, 
and  geology  of  th(»  district  it  may  readily  be  understood  that  the 
source  of  water  supply  for  the  crystalline  region,  with  the  exception 
of  some  of  the  sandstone  of  the  Keweeniawan  epoch  and  the  scTter 
horizons  of  the  Iluronian,  is  restricted  chiefly  to  the  overlying  bed  of 
drift.  This  area  as  a  whole  has  a  very  poorly  developed  drainage. 
The  water  table  in  most  cases  lies  near  the  surface.  Deep  wells  are 
seldom  needed  in  this  sparsely  settled  region.  Cool,  soft,  and  com- 
pamtively  pure  water  may  easily  be  obtained  from  the  numerous 
springs,  small  streams,  ponds,  rivers,  and  lakes.  Considerable  diffi- 
culty, however,  has  been  experienced  in  various  places  where  a  large 
((uantity  of  water  was  required  some  distance  from  a  lake  or  river;  in 
such  plac«\s  the  water-suppl}'  pr()})lem  will  take  on  a  more  and  more 
serious  aspect  as  the  country  becomes  more  thickly  settled. 

Potsdam  saiulstour, — The  greatest  of  the  rock  water  horizons  of  the. 
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arra,  ami  tho  ono  thut  imivrDssilly  furnis^lii^^  n  htrj^^  siipi>!y  of  mil 
is  till'  l*t>rMipiui  HritHiHt^JtJO,  wiiitli  iHnirl\  surrcHiiulH  thi*  cryhUli 
rockh*  Totlic  soittli  mid  wtsl  Ujij^  forniHfuin  la  rht*  i^nuit  !NtJutvi*c»f 
urU'Miiii  watern  found  jit-atlpred  ovor  tht*  dis^trict,  Ort  tin?  north  a 
ivrurds  show  Sliat  wiitt*rs  from  its  hnls  rlst*  t*i>ii>idtM*itbl y  jiJ>ovt*  tlif* 
*>f  Liiko  SupoVHn**  Tlw  iii3])L*rvi<nis  iiiU?rbcdckMi  ^^hnles  <jf  tlii>i  foi 
tion  ftn  nisli  idml  t'OTiditinrLs  for  a  good  arUx'iinr)  Hiii>pl  y  at  nuuiy  j*!^- 
witliin  the  outrrop  tirvtv  ilself.  The  s|ialr*s,  though  ni>t  rveryui 
prt'srnt,  ofti^ii  ^'ivf*  rise  to  ?^rvt^ral  He[)amto  horizons  of  wator-l>t;i:;:i^ 
i*ot! k .  WiA  1  s  o f  til  13  iiaf  11  ve  may  W  f on 1 1 d  at  S j>i i r t a ,  W h i U* ha  1 1, 1 ) ii miiA  I  i 
unci  Tiiiiviertuis  other  phirt^s  in  WiHrousin.  Altlioiigh  tht*  wat**r  f: 
ihh  fornmtian  duus  iK^t  rtnich  tlie  suri'ae**  in  namy  plure^,  owhig  t*! 
t Oleography,  it  is  always  ahui^danU  and  may  l«?  dcpt^aded  upon  asi 
supply  for  city  pn|■pu^it^s.  (hi  MHMjnnt  nf  1hi>  advatit'i^d  (.'niKtnn  \mi 
deejicut  valleys  the  entire  Potsidaui  area  west  of  (Jreeu  Hay  and  norlli 
of  WiM^oii^in  Uivordocs  not  obtain  any  artnstan  water  fnim  ln^yotKl  it'^ 
own  limits,  Atthon^'^h  water  is  abundant  every  w  lie  re  tin*  nrti'sian  flowti 
of  this  urea  arevontined  to  the  Mississippi  Valley  and  its  deeply  erucW 
trihntariei*— St*  Croix,  Chippi^w^iu  Trempealeau,  La  Crosse.  WiHi-on**ia. 
Kicka|H>o,  and  HandMKJ  rivers— while  on  the  east  ttiis  artesian  h\m 
extc^nds  to  Lake  Miehi^an^  and  on  the  south  it  passes  niider  the  Vtir 
iKiniferous  dejiosit.s.  Whether  artej^ian  Hows  may  he  obtained  depends 
hir^^eiy  upon  the  elt*vation  ulKJve  sva  Irvek 

hnt\r  J/Hf/NtJiHfff  lufifstfiih\-  A  lung  the  eastern  margin  several  water 
horizons^  are  fonnd  alwve  the  Pot.sdaiii  sandst*>ne.  TMually  a  sufficient 
sni>i>ly  fi»r  domestic  use  is  obtained  from  the  Ijower  Magnesia n  lirne- 
stune,  50  to  lUO  feet  from  its  top*  In  a  few  places  this  format  ton 
pivGw  riwe  to  tlowing  wells,  which  in  ssome  cases  are  caused  by  water 
from  the  Potsdam  sandstone  tilling  the  cracks  and  fissures  of  the  Lower 
Magnesian. 

aSV.  Ptter  m)if1stoiu\ — The  second  greatest  water  horizon  of  the  area 
is  the  St.  Peter  sandstone.  Although  of  much  less  importance  than 
the  Potsdam,  it  furnishes  an  al)undant  supply  of  good  water  in  the 
eastern  and  southeastern  portions  of  the  district.  Northward  it 
becomes  of  less  importance,  as  it  thins  out  and  in  many  places  pinches 
out  entirely.  In  the  southwestern  part  of  the  district  artesian  wells 
have  generalh^  not  been  obtained,  as  the  rivers  cut  through  well  into 
this  formation.  However,  in  these  parts  the  St.  Peter  sjindstone 
alwa3's  gives  an  abundant  supply  of  water  for  donu\stic  uses. 

G  ah  n  a- Trent  on  llmeHtoiw. — The  Galena-Trenton  limestone,  like  the 
Lower  Magnesian  limestone,  yields,  in  most  cases,  sufficient  water  for 
domestic  use.  It  is  seldom  necessary  to  sink  the  wells  more  than  100 
or  1.50  feet,  and  in  some  cases  a  sufficient  supply  for  small  cities  has 
been  obtained  at  75  feet.  In  scmie  localities,  notably  north  of  Green 
Hay,  this  formation  gives  rise  to  flowing  wells.      In  some  cases  it 
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fc.ppoars  that  tlio  water  of  this  formation  is  obtained  from  the  under- 
lyiiij^  St.  Peter  sandstone,  the  overlyinj^  Niagara  limestone,  etc. 

JV! agora  lun<'t<fmie. — The  Niagara  limestone,  although  hard,  compact, 
nnd  in  places  highly  impervious,  furnishes  a  copious  supply.  Water 
ms  usual ly  obtained  from  fissures,  joint  planes,  or  crevices  at  a  depth 
considerably  less  than  2()0  feet.  The  formation  furnishes  requisite 
ttirtcsian  conditions,  and  in  a  great  many  instances,  particularly  along 
'tiie  eastern  half  of  its  extent,  between  Manitowoc  and  Milwaukee, 
many  fine  flows  are  obtained. 

Along  the  eastern  margin  of  the  district  the  artesian  flows  are  con- 
fined to  the  N-icinity  of  Lake  Michigan  and  to  a  strip  on  each  side  of 
all  the  valleys.  In  the  Green  Bay  and  Rock  River  basins  are  many  of 
the  flowing  wells  of  the  interior.  The  rapid  weathering  of  the  imper- 
vious Cincinnati  shale  has  reduced  this  part  of  the  area  to  such  a  level 
that  artesian  waters  might  rise  to  the  surface. 

Lak^  deposits, — Besides  these  deeper-seated  waters  and  the  waters 
coming  from  the  lacustrine  deposits  along  the  shores  of  Lake 
Michigan  and  Lake  Superior,  the  area  is  well  supplied  with  shallow 
underground  waters,  commonl}'  known  as  surface  water.  Surface 
wells  are  found  b}'  the  score  all  over  the  drift  area  and  varj^  in 
depths  from  10  to  80  feet,  and  in  some  case,  as  along  the  Kettle  Range 
in  eastern  Wisconsin,  reach  a  depth  of  300  to  400  feet.  Many  of 
these  wells  are  not  free  from  contamination,  and  during  the  last  few 
years  many  have  gone  dry.  In  1908,  however,  nearly  all  the  wells  for- 
merly dry  had  a  good  supply  of  water.  Along  some  of  the  larger 
streams  water  is  obtiiined  from  the  river-wash(»d  sand  and  gravel  b\^ 
sinking  wells  from  10  to  40  feet.  Many  of  those  are  open  or  drive 
wells. 

SPRINGS. 

Along  both  sides  of  the  Ke>tle  moraine  glacial  drift  is  the  source  of 
many  fine  surface  springs  and  also  of  subterranean  springs  that  feed 
so  many  of  the  small  lakes.  Other  strong  springs  from  the  drift  are 
scattered  over  the  district.  In  the  northwestern  part  of  the  area  these 
strong  springs  flow  from  the  drift  overlying  the  trap  rock,  and  in 
man}^  cases  the  water  gushes  forth  in  a  small  stream  several  feet  wide 
and  over  a  foot  deep.  So  strong  are  some  of  these  that  they  have 
been  utilized  for  water  power,  as  at  St.  Croix  Falls,  where  a  35-horse- 
power  mill  is  operated  by  the  water  from  a  spring.  Springs  have 
their  source  in  the  upper  surface  of  the  Cincinnati  shah*  along  the 
east  ridge  of  the  Green  Bay  and  Rock  River  valleys  or  along  the  con- 
tact of  the  Niagara  limestone  and  the  Cincinnati  slial<\  Th(»  impervi- 
ous shale  stops  the  descending  watiMs  flowing  through  the  fissured 
Niagara  limestone,  and  it  escapes  at  the  ^\ys{  opportunity,  producing 
innrjiierable  springs,  both  great  and  small,  along  the  entire  extent  of 
this  marked  and  important  contact.     Much  of  the  water  from   this 
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Hoxirvf  tipver  nomes  to  the  ^nrfatft  near  thfi  contact  but  flows*  uml^^i 
gnnuMl  niri>u^h  tin*  siuul  nntl  j^^nnri  iH'tunitli  tlii^  rc<l  ciny  nud  jd^e> 
rise  to  MNru^  of  the  faiintHiu's  ff*iiiid  east  of  Fund  thi  LHt%  The  utL*^f 
niijM-*rUutt  horizoTiw  are  rdiifiiiett  t/hielly  t*>  the  emiUu-t  of  the  Potsdam 
waudstoiie  aiul  Lower  Mni^rnesian  linieHt*>iie  and  to  the  rnntaet  of  ti« 
(faleim-Treiitoti  liineMonr  arjil  the  SL  Feters^irMlstorJi**  In  many  t*asi> 
in  weHtern  WiHeonsiii  stifiiii^s  iil^o  arine  from  various  horizon;*  of  ty 
Potsdam  .HHiidiitone. 

MINKRAL    WATKRS. 

Along  the  eastern  margin  a  con8i(iem!>h^  nuniJa^r  of  strong  .spnn^* 
flow  from  the  Niagura  lhtie}<tone.  of  which  the  mont  noted  are  tlir 
fatnoii8  Wankejihii  Springs,  whtK^e  wnterw  have  hing  been  on  the  iimr- 
ket.  Alt  hi  nigh  i-onsidenible  water  U  InMng  t>ottIed*  thi?*  industry  i^ 
Rjtill  in  it.s  infaney  and  waiting  for  development.  At  present  th**rr 
are  iunninerahU*  springs  modei'ately  efiarged  wifli  rnitjeral  matter  ami 
well  adapt i^d  for  eertuin  medical  uses,  w*hoHi.»  %\*atprs  have  never  Iwrn 
analy ^ed .  M  ont  of  the  s p  km  n gs  w  l  t  h  i n  the  a  I'oa  eo  1 1 tai  n  a  small  a i noa n t 
of  mineral  matter  aveniging  approximately  3<K»  parts  per  l,OtH\n*ki, 
Otlit*r  .spriitgs  of  a  nuieh  liigher  degrei^  of  purify  »re  found,  one  eon- 
iaining  only  a  Ittfle  over  two  gmins  per  gallon,  three^fourths  of  which 
was  in  the  form  of  earl»onates.  Most  of  the  springs  thii.s  far  have 
reci'  i  \'cd  but-  I  i  1 1  k*  atte n  t i o n  u n ts i d  e  their  use  f o r  < io ii i esti e  p u  r| )ose^» 
In  some  cases  spiings  have  heen  and  are  l^ing  used  for  puhli*'  water 
.supplies,  a?!  at  Lancaster,  Wis*,  where  a  spring  witii  a  daily  ea|>iicity 
of  :^,l(]OiOt)t>  gallons  furnishes  the  entire  city  witli  wholesome  water. 
The  deeper  seated  waters  are  used  chietly  for  city  water  supply  and 
for  various  manufacturing  indu.stries* 

In  a  few  cases  where  the  waters  have  rare  medical  properties*  as  at 
Sheboygan  and  Pnnrie  du  Chien,  Wis.,  the  waters  have  bt^i^n  I  Kittled 
and  placed  on  the  market  or  used  for  special  treatment  at  the  sanitii- 
riuuK  The  amount  of  mineral  matter  contained  in  the  w^ell  water  for 
the  mast  part  is  comparatively  snudl,  in  some  eases  Ix^ing  as  low^  as  7 
grains  per  gallon  and  seldom  being  more  than  50  gntins  per  giiH^jn. 
However,  in  a  few  cases  the  amount  exceeds  600  grains  per  gallon, 
while  at  Osceola,  on  Silver  Brook  farm,  the  water  from  the  Potsdam 
sandstone  at  a  depth  of  50  feet  contained  a  total  of  993.9  grains  per 
gallon,  made  up  as  follows:  NaCl,  320.58  grains;  CaClj,  583.1  grains; 
MgClg,  18.98  grains;  CaSO^,  (12.20  grains;  iron  and  aluminum  oxides, 
2.97  grains,  and  silica,  6.07  grains.  Concerning  this  water,  which  has 
recently  been  analyzed,  J.  H.  Long  writes  as  follows: 

This  water  is  a  very  unusual  and  peculiar  one  because  of  the  presence  of  so  lai^^ 
an  amount  of  calciuui  (rhioride.  I  do  not  recall  any  mineral  spring  in  this  country 
which  resembles  it  in  this  respect,  but  some  of  the  so-called  bitter  springs  of  Ger- 
many have  a  somewhat  analogous  nature.  The  water  is  too  highly  charged  with 
mineral  matters  to  l)e  use<l  in  quantity  as  a  medical  beverage,  but  in  special  cases 
and  for  a  limite<l  time  it  might  \ye  profitiibly  used.     Such  waters  are  often  used  for 
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Vmths;  in  fact,  that  in  their  main  application,  and  me<lical  men  eonld  su^^est  the 
i*aiH»H  in  which  such  a  water  as  this  one  could  be  used  properly. 

There  is  no  doubt  that  in  the  future  these  various  fields  will  he 
greatly  extended  and  many  of  the  cities  now  without  a  system  of 
waterworlis  will  soon  draw  upon  the  underground  channels  for  their 
supply. 

A  list  of  the  springs  which  reported  sales  of  mineral  water  in  1902 
is  ^iven  below:'' 

Allouoz  Magnesia  Springs,  Green  Bay,  Brown  County. 
Aureiian  Spring,  Palmyra  Springs,  Jefferson  County. 
Bay  City  Spring,  Ashland,  Ashland  County. 
Bethania  Mineral  Springs,  Osceola,  Polk  County. 
Chipi^wa  Spring,  Chippewa  Falls,  Chippewa  County. 
Darlington  Mineral  Spring,  Darlington,  Lafayette  County. 
Fort  Crawford  Springs,  Prairie  du  Chien,  Crawford  County. 
Lebens  Wasser  Mineral  Spring,  Green  Bay,  Brown  County. 
Nee-Ska-Ra  Mineral  Spring,  Wauwatosa,  Milwaukee  County. 
Rainbow  Mineral  Spring, Wautoma,  Waushara  County. 
Salvator  Mineral  Spring,  Green  Bay,  Brown  County. 
Sanitas  Fountain,  Oshkosh,  Winnebago  County. 
Shealtiel  Mineral  Spring,  Farmington,  Waupaca  County. 
SheVwygan  Mineral  Spring,  Sheboygan,  Sheboygan  County. 
Silver  Sand  Spring,  Milwaukee,  Milwaukee  County. 
Slauson  Mineral  Spring,  Racine,  Racine  County. 
Solon  Springs,  Upper  St.  Croix  Lake,  Douglas  County. 
St.  John  Mineral  Springs,  Green  Bay,  Brown  County. 
Waukesha  Springs,  Waukesha  County: 

Acnie  Spring. 

Almanaris  Springs. 

Anderson's  Waukesha  Spring. 

Arcadian  Spring- 

Bethesda  Mineral  Spring. 

Fountain  Spring. 

Henk  Mineral  Spring. 

Ilygeia  Spring  No.  2. 

Minniska  Mineral  Spring. 

Siloam  Mineral  Si)ring. 

Silurian  Mineral  Spring. 

Sotarian  Spring. 

Waukesha  Imperial  Spring. 

Waukesha  Lithia  Spring. 

W^hite  Rock  Mineral  Spring. 

The  reported  sales  reached  a  total  of  5,9^2,948  gallons,  with  a  value 
of  *1, 199,473. 
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32,  pp.  151-157. 
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rtpeale,  A.  C.  Mineral  Resources  V.  S.  for  19U*i,  U.  S.  (icol.  Survey, p.  996. 


LOWEl!  MIC 


Lower  Michigan  is  mainly  a  rolling  anm,  with  an  elevation  rangii 
generally  between  600  and  1  jiuo  fin*t  u(»ovr*  >5**ii  I**viO,  In  tbo  stmrhm' 
half  of  the  peninsula  the  gi'iHM^al  lovel  ik  lira  ken  by  reliitivthlni 
morainal  ridges  left  by  thi'  g^lnricr&i  whivh  onee  eovi^rcd  tlio  r^'grn 
In  the  northern  portion  of  tho  Stiite  the  niorainal  do|Ki*^itH  amiiud 
more  pronounced,  occurrin*r  ns  prornini^nt  iioithiyuit-Houtliwr?il  rid^ 
and  in  places  rising  to  heii^litw  of  over  l,t5(K>  foot.  Thiii  to]>o^rftiib»r 
features  are,  in  fact,  due  almost  ontiroly  in  nin^t  iin^H^  to  tlit^  sum 
mulation  of  glacial  drift,  wfiich  may  rcmh  a  tliicknoHH  of  Hi  mi  ftsiur 
more,  and  completely  buries  tht*  irregiilunti<'?^of  the  uiulerlying  I'kct 

GEOLOGY- 

Leaving  out  of  account  the  ylaeial  di'ift  which  has  been  inentionp^ 
above,  and  considering  only  tin/  con^nlidatf^d  rooks,  tbe  I^JWtT  IVnin^ul;^ 
of  Michigan  is  structurally  a  ^^n*at  oval  biisin,  toward  whith  th<*  n^ek^ 
dip  from  all  sides.    The  geo^ru  jih  ir  i  -t*  r j  I « ' r  i?^  in  Gnitiot  C^in  n  ty ,  tibf mt  ."t*  ^ 
miles  north  of  Lansing.     "I'fio  strata  aro  mainly  of  OirlK>nifei\jiis  air^^-r 
but  a  rim  of  Devonian  rocks  t'?:t<*nils  alung  tfjc  sii^>r)s^  of  Ijiikejs  Mitii-^ 
igan  and  Huron  from  Ma^on  County,  on  Uiko  Alichigan,  to  Alpem*' 
County,  on  Lake  Huron.     Small  anms  or  strips  uf    IVvoiiian  nuk-^ 
occur  along  the  rim  of  the  coal  basln^  in  the  t*xtrt*uit^soutbinistcru  mS 
southwestern  portions  of  the  State.     A  few  dolomitic  and  oth**r  \mi^ 
of  Silurian  age  also  occur  at  tbo  extrenio  northern  tip  of  the  penin- 
sula and  along  the  shores  of  Lake  P^rie  to  the  southeast. 

The  general  character  of  the  basin  and  the  outcrop  of  its  beds  is 
shown  rn  fig.  38,  while  fig.  39  shows  a  cross  section  of  the  basin  from 
west  to  east. 

UNDKRGROUIS^D  WATER   8UPPr,rES. 


SUPPLIES   OF   THE    DRIFT. 


Ji'mtem,  sJwre  dutnct, — This  district  (»nibraces  the  eastward-sloping 
strip  lying  between  the  nioniines  and  the  shores  of  Lakes  Huron,  St. 
Clair,  and  Erie,  from  Saginaw  Bay  to  the  southern  limits  of  the  State. 

The  surface  deposits  of  the  region,  except  in  some  of  the  valleys 

«  Compiled  mainly  from  report  by  A.  C.  I^ne  on  Water  Itesources  of  tho  I^)wer  Peninsula  of  Miehi- 
gan,  Water-Supply  and  IrriKHtion  l*aper  U.  8.  (Jeol.  Survey  No.  30,  1M99.  For  faets  relating  to  the 
Upper  Peninsula  of  Michigan,  see  the  deKcription  of  the  Wiseonsin  district,  pp.  233 1<»  241. 
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i^End  ill  the  old  Im^jioIics  along  the  lakes,  are  predominantly  clay.  The 
;l«ys  yield  no  water,  but  small  supiJies,  which  arc  liable  to  fail  in 
:;iiues  of  drought,  are  found  in  ix>ckets  of  gravel  or  sand  in  the  clay, 
B»¥i(l  a  water-bearing  layer  commonly  CK^curs  at  the  contact  of  the  drift 
with  the  underlying  rock.     Near  the  moniine  the  water  be^iring  sands 


Jci>l<)^ii;  sketch  map  of  lower  Mi(.'higan. 


are  more  numerous,  iin<l  at  least  one  ('ity,  Yj)sihinti,  obtains  its  public 
supply  from  wells  in  the  drift.  The  waters  in  the  upper  part  of  the 
drift  are  of  goo<l  (piality,  but  in  the  lower  })art  they  are  often  charged 
with  salt  and  other  niiniM-als,  or  with  gas  derived  from  the  underlying; 
rocks  from  which  the  waters  come.  Some  of  the  wells  How.  In  the 
stream  and  other  gravels  and  sands  of  the  valleys  and  in  the  sandy 
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emtlies  Ordering  tlu*  hike:^  goud  watei*«  nfi*  (>ften  ohtfttiied  br  sbull 
trplln,  futt  thi^  w(*11h  aiT  Huhlo  to  fail  in  cspt^oiaUy  dry  Ht?aM>u8, 

iSifff t f i< f w  V^d/tit/  tiififri('f>-  This  tli^tri'*!  iiieludei*  tht*  dnihuigi'  J«wft 
if  Siiginaw  River  and  portions  of  atljsu^ent  nvgioits-  Thr*  sinrfat^h 
tint,  t  ii4^  Htrf*am?<  g<*m*ntlly  flu  wing  in  shallow  vhIIi'V,s.  It  is  covirrM 
w  i 1 1 1  I* lay  «^'y  d  r i  f t  or  Ji m.  ri  1  j  »tui ,  or  w  i  th  v  la >  s  d  c [ h >si ted  i  n  a  gliiey 
Ukp,  the  dejiosib*  avemging  from  H(>  to  IW  fool.  Sand  ridgrey  £*ei^? 
ktitnir  ihv  Ijiki'. 

I    Thi>  ^iuid  ridgeh  i^arry  wat4?r  in  moderate  amount  utul   j*iih]w*Ho 

Peuntaniiriatit^k     Sands  nnd   (|ui(tkH»nd^t   within   the  clay   friH|ueiitl; 

yit'ld  womt^whul  hard  %vator.  which  may  t'ven  tlow*    The  wolls  arp  easik 

cloggi^d.     Water  equally  good  iind  with  a  grcat*>r  head  i^an  fa»i)l>tjiirid 

hy  drilling  into  the  underlying  i^atidistonej>$«     Some  of  the   drift  welb 


Fiu,  n9. 
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cjirry  ealciiun  sulphate  derived  from  gypsum  in  the  drift,  and  gas  m 
not  uncommon. 

NorthsLutern  ahore  dlatrlct, — ^This  area  embraces  the  dminage  area 
of  the  Thunder  Bay  River  and  a  few  small  streams  emptying  into  the 
lake  in  its  vicinity.  To  the  southwest  lies  a  high  moraine  containing 
some  of  the  highest  land  in  the  State.  The  surface  consists  of  a  series 
of  morainal  ridges  with  intervening  tracts  covered  by  sand.  Water 
can  be  obtained  from  this  sand,  though  it  frequently  lies  at  a  consid- 
erable depth.  Springs  emerge  where  the  clay  layers  are  cut  by 
streams.  Deep  wells  in  the  drift  find  sands  with  w^ater,  which  will 
sometimes  rise  to  the  surface  from  beneath  till  and  clays.  The  water 
is  quite  hard,  but  is  otherwise  generally  excellent.  It  is  hardl}^  suit- 
able for  use  in  boilers. 

Western  ah/jre  district, — This  district  lies  along  the  northwest  and 
west  coast  of  the  peninsula,  and  extends  inland  far  enough  to  include 
a  portion  of  the  high  morainal  ridges.  The  surface  is  drift,  the  roc^ks 
frequently  lying  from  500  to  600  feet  below  the  surface.  The  drift  is 
generally  cla^^ey,  but  contains  many  beds  of  sand,  some  of  which  can 
be  reached  by  driven  wells.     Sometimes,  in  the  more  porous  drift,  wells 
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mist  h(i  sunk  300  to  400  feet  to  obtain  water.  The  waters  are  seldom 
valine. 

North-central  district. — ^This  area  includes  the  upper  portions  of  the 
Irainage  basins  of  Manistee,  Muskegon,  and  Au  Sable  rivers  and  adja- 
cent areas.  The  surface  consists  mainly  of  sandy  drift,  yielding  water 
\Ay  shallow  driven  wells.  In  the  few  deep  wells  that  have  been  sunk, 
the  thickness  of  the  drift  is  found  to  be  350  to  600  feet,  or  more. 

Siujmaw  lYurraine  district. — ^This  area  includes  the  region  of  the 
Saginaw  moraines  in  the  central  part  of  the  State,  and  southwest  of  the 
Saginaw  Valley  district.  The  region  is  one  of  morainal  drift,  the 
deposits  being  generally  from  100  to  600  feet  thick.  The  composition 
of  the  drift  is  very  variable,  and  many  water-bearing  sands  occur. 
The  underlying  rock  furnishes  a  reliable  source  of  water,  and  a  few 
^ells  have  been  drilled  into  it.  Wells  some  times  flow  in  the  lower 
districts. 

Stmth'Central  district. — This  district  includes  the  land  in  the  central 
|)ortion  of  the  State  lying  south  of  the  Saginaw  district.  The  drift 
is  usually  thick.  The  water  conditions  are  much  the  same  as  in  the 
Saginaw  district. 

KOCK    WATERS. 

Trenton  limesUme. — This  limestone  has  been  penetrated  at  Monroe, 
Wyandotte,  Dundee,  Blisstield,  and  Dowagiac.  It  yields  a  strong,  but 
impure  brine,  with  traces  of  oil  and  gas. 

Ifndson  and  Utica  shaleH,  —These  shales  have  been  penetrated  by 
a  few  wells  drilled  to  the  Trenton  limestone.  They  are  similar  to 
the  Coldwater  and  St.  Clair  shales. 

Ximfdra  and  Clinton  lintestonen. — These  are  penetrated  only  in  south- 
eastern Monroe  County,  southwest  of  Kalamazoo  and  north  of  Frank- 
fort. Water  was  obtained  from  these  beds  at  Dundee  and  Britton,  but 
they  are  otherwise  undeveloped. 

Monroe  and  Salina  beds, — These  beds  are  mainly  buff  marls,  dolo- 
!iiit(»s,  and  rock  salt,  but  at  the  top  there  is  a  persistent  sandy  bed 
yielding  much  water.  The  waters  are  mainly  brines,  but  fresh  water 
has  !)eeii  found  in  one  or  two  horizons  near  the  outcrop. 

Piindre  VnmMtnir. — This  is  a  light  limestone  full  of  flint  and  carries 
considerable  (luantities  of  water  charged  with  salt,  hydrogen  sulphide, 
and  other  minerals,  making  it  the  source  of  some  of  the  most  valuable 
mineral  water  of  the  State. 

Trai'rrscSf^i'iex, — This  series  consists  of  alternations  of  limestones  and 
shales  with  an  aggn^gate  thickness  of  500  feet  or  more.  In  thenorth- 
(M'li  part  of  the  State  the  series  yields  water  freely  in  some  cases,  and  even 
in  the  south(M-n  part  water  is  obtained  from  several  of  the  limestones. 

Antrim  sltoUs. — These  are  blue  to  })lack  shales  underlying  the  Berea 
grit.     They  yield  neither  fresh  water  nor  brines  in  any  amounts. 


1.1'  .11  LTflintT  m  »1i  >  i-%  U         TT    n  A  n^im^         «>nO  *  IVa^iT         LI  1.T  M.  f.  J^MJ 


uf  !jliu*k  or  rfjncokti^  Hhale^,  whik^  h(>iH^:ith  tlicK*  in  turn  h 
feet  of  white  lu  hrowi!  siirul.'^it^iiio  yieidiw^  at  any  canKideni 
puTO  brines  with  j*onie  fftiH* 

ijtddttali'r  AitalfM.—^ThxM^i*  shulef^  im^  ^e morally  Jiiu*  ^ralii 
ccitius,  and  iduirtb.  Tbiiv  carry  liltlc  water,  but  siiniU  iim^ 
abtitiried  fruni  suritly  layers  in  a  few  wolK 

f.tHf'tr  Mitrfihai!witi(ij*tofU\ — TXn^  formation  is  about  ^tW)  fee 
nevs8  anti  con^istnof  ft^rru^inou^^,  saiuli^toneii,  lia^^^N  etc.,  uridei 
Upfwr  Mart^ball  sandstone.     U  yields  good  water,  itither  cb 

Nttp(Af^(m  or  I'ltptr  Mtirf^hail  MUitinfont', — This  ^ndstone,  i 
lungs  to  tlie  t'ltrfjonifcroui*  t^ystcuj.  is  mrely  les8  than  50  feet  t 
underliew  the  drift  in  a  broad  belt  extending  from  Saginaw  B 
west  to  tbo  southern  boundary  of  tbi*  State  in  Hillsdale  Coi 
yields  ropiuuf*  supplier  td  frenb  water  tluuugh  ujany  flowing  \ 
have  teen  siunk  to  a  depth  of  about  )lb^)  foot  th  re  nigh  the  wisa 
of  Huron  County  to  Sebewaiui^,  Wells  sunk  to  greater  dept 
rockM  of  the  Miehigan  ?^c*ries  are  not  prtjpei'ly  tuwd  otF,  yield  si 
South  went  of  l^n^^iing  and  Ma^on  tlii^  wutt^r  \h  generally  good 

Mft'h  ff/ati  ."^rn'fin,  T  h  i  s  se  t  ie*s  CO  n  s  i  s  ts  I J  f  shales,  b  y  1 1  fin  d  i  *  *  1  i  t 
and  gypsum  b^ds  inmiediately  overlying  tbe  Tpper  Mareiball  m 
The  watcTM  an'  alino.Ht  univeT-^ally  salt  or  bitter,  and  must  l>e 
ni^ed  off  in  all  wells  go  nig  to  a  deeper  lionzou  ff>r  fresh  wate 
sHsrics  ean  be  traced  beuealb  the  drift  by  tho  eumiMJsition  of  tl 
Includcnl  in  the  Miehigan  seric:*  is  the  (iniud  Ktipids  Innestoii 

I\trina  mtn(ff<innf\ — Tbe  Parma  sandstone  unct)nforrnably 
the  Miehigan  series  and  is  generally  sepurateii  from  the  Ma 
a  thin  IrhI  of  shaloi?,  but  in  places  merges  with  it.  The  ^ 
lK)th  the  sruidstone  and  iini*'stone  are  generally  hanl,  thougl 
raises  they  are  pure.     They  have  yeJcloin  been  used  for  brinet 

Overlying  tbe  Panua  is  a  sseriesof  shales,  sandstones,  coalj  ti 
iron  ores,  ete.,  yielding  nmch  water  of  a  highly  un nenilized  * 
and  frefiuently  of  medifimd  ralue^     Wells  are  very  nuuierouss 
,j       '  out  the  region. 
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Frankfort  Springs,  Frankfort,  Benzie  County. 

Magnetic  Mineral  Spring,  Spring  Lake,  Ottawa  County. 

Midland  Mineral  Springs,  Midland  City,  Midland  County. 

Moorman  Springs,,  Ypsilanti,  Washtenaw  County. 

Mount  Clemens  Sprudel  Water,  Mount  Clemens,  Macomb  County. 

No-che-mo  Mineral  Spring,  Reed  City,  Osceola  County. 

Original  Mount  Clemens  Mineral  Spring,  Mount  Clemens,  Macomb  County. 

Pagoda  Spring,  Mount  Clemens,  Macomb  County. 

Plymouth  Rock  Well,  Pljrraouth,  Wayne  County. 

Ponce  de  Leon  Springs,  Paris  Township,  Kent  County. 

Premier  (formerly  Excelsior)  Mineral  Springs,  Benton  Harbor,  Berrien  County. 

Prosit  Flowing  Well,  Oak  Grove,  Flint,  Genesee  County. 

Red  Cross  Mineral  Well,  Big  Rapids,  Mecosta  County. 

Royal  Oak  Mineral  Springs,  Royal  Oak,  Oakland  County. 

Salutaris  Spring,  St  Clair  Springs,  St.  Clair  County. 

Sanator,  formerly  Americanus  Well,  Lansing,  Ingham  County. 

Sterling  Spring,  Crystal  Falls,  Iron  County. 

Victory  Springs,  Mount  Clemens,  Macomb  County. 

Welcome  Island  Lithia  Springs,  near  Pontiac,  Oakland  County. 

Wurtzel's  Mineral  Spring,  Thomastown,  near  Frost,  Saginaw  County. 

Zauber  Waaser  Springs,  Hudson,  Lenawee  County. 
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ILLINOIS. 


By  Frank  Leverett. 


INTBODUCTORY  STATEMENT. 

This  brief  discussion  of  water  conditions  in  Illinois   is  i-esf 
chiefly  to  the  relative  value  of  the  several  geologic  formati( 
water-bearers.     Several   other  topics   relating  to  water  cond 
namely,  rainfall,  drainage  basins,  run-off  and  regimen  of  streams 
gation,  water  power,  city,  village,  and  rural  water  supply,  ar 
wells,  and  water  analyses  have  been  discussed  by  the  author  in 
detail  in  earlier  reports  of  this  Survey.^    A  chemical  survey 
water  supplies  of  Illinois  is  the  topic  of  a  report  of  98  pages  h 
A.  W.  Palmer,  issued  b}'^  the  University  of  Illinois  in  1897, 
later  report  of  254  pages  by  the  same  author  giving  the  resi 
several  thousand  analyses  has  been  issued  by  the  University  \ 
the  last  year. 
'  GEOLOGIC  COIilT^rV. 

The  rock  formations  eith(M-  exposed  or  within  roach  of  the  w< 
Illinois  extend  through  the  Paleozoic  seiies  from  the  Cambrian 
later  part  of  the  Carboniferous,  ineludint^  perhaps  the  Permi 
indicated  in  the  table  on  page  249.     There  is  then  a  wide  gap,  th 
'  formation  being  the  Cretaceous,  which  has  been  found  to  underl 

'  Ohio  River  at  Cairo,  l)ut  is  not  known  to  be  exposed  in  the  State, 

the  borders  of  the  Ohio  in  southern  Illinois  tire  deposits  of  Te 
age,  consisting  mainly  of  clay,  micaceous  sand,  and  a  ferrug 
pebbj y  conglomerate.  These  deposits  are  probably  separated  f  re 
Cretaceous  by  an  interval  of  some  conse(|uence,  and  are  known 
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ing  the  order  in  which  they  are  met  by  the  drill.  The  extent  of 
reral  formations  which  lie  beneath  the  Coal  Measures  has  not 
.sted  by  a  sufficient  number  of  borings  to  peFmit  even  approxi- 
ilculations.    The  figures  given  are  largely  conjectural. 

Geologic  column  of  Illinois. 


Formation. 


in  drift  sheet  (Pleistocene) 

rift  sheet  and  main  loess  deposit  (Pleistoi^ne) . 

I  drift  sheet  (Pleistocene) 

drift  sheet  (Pleistocene) 

isan  drift  sheet? (Pleistocene) 

deposits  ( perhaps  of  two  or  more  eixxihs) 

)as  deposits 

I  beds? 

Joal  Measures  (Carboniferous) 

Joal  Measures  (Carboniferous) 

lerate  sandstone  (Carboniferous) 

^roup  (Carboniferous) 

8  group  (Carboniferous) 


Extent  in 
State. 


Stiuare  milei. 

19,000 

«45,000 

53,000 

±1,800 

? 

700 

dzlO 

? 
19,000 

:%,ooo 

±30,000 
±15,000 
±30,000 

group  (Carboniferous) I      ±30, 000 

or  Burlington  limestone  (Carboniferous) ±30, 000 

look  group  (Carboniferous) ±30, 000 

ate  (Devonian) ]      ±35,000 

»n  limestone  (Devonian) |      ±35, 000 

•ous  limestone  ( Devonian) '  ? 

y  sandstone  (Devonian) '  ? 

group  (Silurian) I      ±45, 000 

River  group  (Ordovician) ±48, 000 

J      ±55,000 

J       ±.55,990 

.1  56,000 

56,000 


group  (Ordovician) 

r  sandstone  (Ordovician) 

dagnesian  limestone  (Cambrian) . 
1  sandstone  (Cambrian) 


Thicknei8. 


Fpet. 
5-200 
5-60 
10-200 
±10-100 

? 
±10-100 
? 
? 
±10-700 
±10-1,000 
20-600 
10-800 
20-250 
100-200 
2^200 
50-330 
10-60 
10-120 
5-25 
40-200 
70-400 
40-275 
45-450 
40-420 
±200-1,000 
±300-1,000 


teas  covered  all  of  Tllinoia  outAide  the  lowan  drift,  but  was  in  part  taken  up  by  the  Wisconsin 

entire  thickness  of  the  Paleozoic  series  of  rocks  ranges  prob- 
om  a  little  more  than  2,000  to  possibly  6,000  feet.  Two  borings 
itside  the  State  at  Burlington,  Iowa,  and  St.  Louis,  Mo.,  are 
ed  to  have  reached  pre-Cambrian  rocks  at  2,400  and  3,800  feet, 
bively.  So  far  as  known  to  the  writer  no  wells  in  the  State 
Bached  the  bottom  of  the  Paleozoic  system,  though  several  have 
ink  to  depths  of  more  than  3,000  feet.     One  at  Aledo,  only  a 


250       UNDEBGEOUND  WATERS,  EA8TEBN  UNITEB   dTATSS.     Imm 

few  miles  from  the  Burlington  well,  terminated  in  Potsdam  sandstone 
at  a  depth  of  3,115  feet,  and  one  at  the  Jacksonville  waterworks  bass 
depth  of  3,028  feet.  Probably  the -deepest  borin/^f  in  the  State  is  one 
at  St.  John,  Perry  County,  which  reached  a  depth  of  3,750  feet,  and 
may  not  have  entered  the  Potsdam  sandstone. 

PRINCIPAL  WATER-BEARING  FOBMATIOI^S. 

PoUdam  HancUtone, — The  Potsdam  sandstone  is  by  far  the  most 
capacious  water-bearing  formation  in  the  State.  It  is  a  porous  rwk, 
and  as  it  is  very  thick  and  outcrops  over  a  large  area  in  WiseonsiD, 
the  intake  is  sufficient  to  give  an  unlimited  supply  of  water  to  wells 
which  reach  this  formation  in  Illinois.  It  is,  however,  within  easy 
reach  of  wells  only  in  a  few  counties  in  the  northern  and  western  por- 
tions of  the  State.  In  the  northern  part  it  has  been  reached  by 
numerous  wells  as  far  south  as  Illinois  River  and  is  probably  within 
reach  of  wells  in  the  portion  of  the  State  west  of  the  south-flowing 
part  of  the  river.  On  the  north  )>order  of  the  State  the  water  is  suf- 
ficiently fresh  in  most  cases  to  be  suitable  for  drinking,  but  upon 
passing  southward  it  becomes  bmckish  and  in  many  cases  unsuitable 
for  domestic  use. 

St.  Petrr  mnd^tone. — Next  after  the  Potsdam  sandstone  should  be 
mentioned  the  St.  Peter  sandstone,  which  is  the  source  of  supply  for 
a  large  nuni})or  of  artesian  wells  in  the  northern  and  western  parts  of 
the  State.  The  (|iiality  of  water  obtjii nod  from  it  is  usually  good,  and 
is  adequate  to  the  iioods  of  the  smaller  cities  and  towns.  But  in  the 
hirger  cities,  especially  in  Chicago,  it  can  scarcely  furnish  the  amount 
of  water  lUHHled,  and  for  that  reason  many  wells  have  been  sunk  to  the 
Potsdam  formation.  The  porous  or  water-bearing  ix)rtion  of  the 
formation  varies  from  a  thickness  of  40  feet  up  to  150  feet  or  more. 

In  several  instaiu^vs  wells  have  obtained  good  supplies  of  water  from 
th(»  sandstone  beds  wliicli  appear  in  the  Lower  Magnesian  formation 
l)etw(»en  the  Potsdam  and  St.  Petei-  sandstone.  Jt  is  found  that  this 
formation  is  made  up  more*  largely  of  sandstone  })eds  in  northern  Illi- 
nois than  in  the  region  of  outcrop  in  Wisconsin,  as  may  be  seen  })y 
records  of  wells  published  in  the  reports  by  the  author  above  cited. 

(iaUnn  /i//H,sto/ir.  -Tlii"  (ialena  limestone  is  very  largely  of  porous 
rock,  and  in  the  region  of  outcrop  in  northern  Illinois  is  a  good  water- 
bearer.  The  drill  has  shown  that  parts  of  it,  buried  deeply  beneath 
later  formations  in  western  Illinois,  will  yield  strong  artesian  wells,  so 
that  it  is  unnecessary  at  such  points  to  sink  to  the  St.  Peter  or  lower 
formations. 

Niagara  Imiefitone, — The  Niagara  limestone  is  another  great  water- 
bearer,  not  only  in  northern  Illinois,  where  it  iuunediately  underlies 
the  drift,  but  often  also  when  under  the  cover  of  other  rocks.  The 
water  seems  in  many  cases  to  be  traversing  the  formation  in  strejims 
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or  veins,  probably  along  fissures,  and  the  depth  to  these  veins  may 
vary  greatly  in  neighboring  wells.  The  fissures  were  probably  opened 
widely  by  atmospheric  action  before  the  formation  was  buried  beneath 
the  drift  or  older  rocks.  An  objectionable  feature  of  many  wells 
obtaining  water  from  the  Niagara  limestone  is  the  presence  of  sulphu- 
reted  hydrogen,  formed  from  the  decomposition  of  pyrites  present 
in  the  limestone.  There  are,  however,  numerous  wells  in  which  this 
is  not  a  pronounced  feature,  and  the  water  is  otherwise  palatable  and 
wholesome. 

Devonian  limestones. — The  Devonian  limestones  are  ordinarily  poor 
water-bearera  compared  with  the  Niagara  limestone,  yet,  in  certain 
localities,  they  afford  sufficient  water  to  supply  local  needs.  Their  out- 
crop is  also  much  more  restricted  than  that  of  the  Niagara,  being  con- 
fined to  small  areas  in  the  western  and  southern  parts  of  the  State. 

St,  Louis  limestone, — ^The  limestone  formations  of  earlier  Carbonif- 
erous age  have  outcrops  over  several  counties  in  western  and  southern 
Illinois,  and,  though  not  great  water-bearers,  are  drawn  upon  largely 
where  the  glacial  deposits  are  either  wanting  or  are  too  thin  to  supply 
the  water. 

Chester  sandstone. — The  Chester  group  of  southern  Illinois  contains 
sandstones  which  are  geiiferally  good  water  bearei-s,  but  their  outcrop 
is  limited  and  they  soon  pass  to  so  great  a  depth  as  to  make  drilling  to 
them  expensive.  The  water  in  the  deep-lying  beds  is  also  liable  to  be 
brackish  or  unsuitable  for  domestic  use. 

"  Conglomerate'^'*  sandstone. — The  "Conglomerate"  sandstone  which 
underlies  the  Coal  Measures  in  central,  eastern,  and  southern  Illinois 
is  not  likely  to  become  a  valuable  source  of  water  for  domestic  use,  for 
it  is  a  very  thin  formation  in  the  northern  part  of  its  field,  and  where 
thick  in  the  southern  part  is  generally  buried  deeply  under  Coal  Meas- 
ures.    In  the  latter  situation  it  is  usually  charged  with  salt  water. 

Coal  Measures. — ^The  sandstone  beds  of  the  Upper  and  Lower  Coal 
Measures  constitute  probably  half  the  thickness  of  the  formations,  and 
they  are  generally  permeated  with  water  which,  however,  is  suitable  for 
domestic  use  only  at  a  few  horizons,  usually  within  200  feet  of  the  sur- 
face, for  at  other  horizons  and  at  greater  depth  there  are  often  either 
Halt  or  sulphates  to  render  the  water  objectionable.  These  formations, 
however,  usually  supply  the  needs  of  residents  in  places  where  the 
drift  cover  does  not  furnish  a  sufficient  amount  of  water. 

Tertiary  deposits. — The  Tertiary  deposits  are  of  limited  extent  and 
shallow  depth  and  afford  a  very  unimportant  part  of  the  water  supplies 
of  the  State.  In  the  region  where  they  occur  wells  are  often  sunk  to 
the  underlying  limestone. 

Global  deposits. — The  glacial  deposits  are  probably  more  often 
drawn  upon  than  all  other  formations  combined,  for  they  are  surface 
formations  and  the  water  is  reached  by  wells  of  moderate  depth  such  as 
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nearly  every  resident  can  afford.    There  are  probaMy  more  than  a  halt 
million  wells  in  these  deposits.    The  oomplesU^y  oi  tibe  g^keial  forma- 
tions, however,  is  such  that  in  a  larfte  part  of  1k»  |^bd»ited  area  it  k 
difficolt  to  forecast  the  results  of  boring  into  tibMu    It  is  estimated 
that  about  70  per  cent  of  the  glacial  drift  is  a  eooqprt  <^yej  material 
affording  very  little  water,  except  by  slow  seqp^^    Hie  remaining 
80  per  cent  would,  if  distributed  to  the  best  advurtage,  be  adequate  to 
the  needs  of  residents.    But  unfortunately  tibere.are  traots  of  coo- 
siderable  extent  in  which  the  drift  is  almost  wholly  of  a  ehyej  oonstitn- 
tion,  while  other  tracts  have  a  superabundance  of  vnEiter-bearing 
material.     A  somewhat  detailed  study  ot  the^e  depo^it^  ha8  ^hown 
tibat  the  distribution  of  the  sand  and  {travel  bed>i  depondn  to  a  large 
degree  upon  the  drainage  conditions  atti^nding  the  meriting  of  the  iee. 
In  the  repeated  advances  which  the  ice  tnndo  into  thb  region  Uie  ssud 
and  gravel  beds  distributed  by  the  water  from  the  melting  of  a  givm 
ice  sheet  were  overridden  and  buried  deeply  in  plac^e^^  by  the  depof^it^ 
from  a  later  ice  sheet.    Then,  too,  there  appear  to  Iiave  been  niinor 
oscillations  of  the  ice  front  in  each  stage  of  glacintion  by  which  mtid 
and  gravel  beds,  which  had  been  spread  out  at  the  edge  of  the  ice  ahe^U 
were  covered  by  clay  deposits  laid  down  during  the  readvanc<>  of  the 
ice.    In  western  and  southern  Illinois  the  mud  and  gmvel  found  in  tbe 
drift  seem  to  have  been  deposited  as  the  re^^ult  of  these  tuinor  fluetuH- 
tions,  for  they  are  distributed  in  veiy  in e^iilar  and  limited  areoi^.     In 
central,  eastern,  and  northeastern  Illinois  there  are,  in  addition  to  such 
beds,  more  extensive  ones  lying  between  the  main  drift  sheets.     It  is 
also  found  that  throughout  the  State  a  large  amount  of  sand  and  gravel 
and  abundance  of  water  are  usually  found  along  the  line  of  pre-Glacial 
valleys.     In  the  northern  part  of  the  State,  north  from  a  line  running 
from  Rock  Island  to  Watseka,  there  is  a  large  amount  of  gravelly  and 
sandy  drift  at  or  near  the  surface.     Farther  south  the  surface  sand 
and  gravel  are  generally  restricted  to  the  valleys  of  the  main  drainage 
lines.    PI.  XVI  indicates  the  relation  of  the  drift  to  the  wells.    It  shows 
the  areas  in  which  wells  are  obtained  almost  wholly  from  the  drift, 
areas  in  which  drift  and  rock  wells  are  each  used  extensively,  and 
areas  in  which  it  is  generally  necessary  to  go  into  the  rock  to  obtain 
water.     There  are  many  weak  wells  within  the  area^  of  thick  drift, 
but  in  the  great  majority  of  cases  farmers  have  penetrated  to  water- 
bearing beds  or  veins,  which  afford  an  adequate  supply. 

liOCAIilTIES  FAVORABIiE  FOR  ARTESIAN  WEIiliS. 

Artesian  wells  as  here  discussed  include  only  wells  which  overflow, 
whether  from  the  rock  or  from  the  glacial  formations.  It  should  be 
understood,  however,  that  a  large  number  of  wells  not  classed  as  arte- 
sian are  under  the  same  hydrostatic  pressure  as  those  that  flow  and 
the  water  rises  to  a  similar  altitude  above  sea  level. 
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The  artesian  wells  obtained  from  the  several  rock  formations  in 
orthern  and  western  Illinois  must  generally  be  situated  on  ground 
sss  than  700  feet  above  sea  level,  for  it  is  well  established  that  water 
rill  not  rise  above  that  height,  except  in 
he  extreme  northern  part  of  the  State  or 
n  localities  where  the  greater  head  is  ob- 
ained  from  drift  formations,  which  consti- 
ute  the  main  source  of  supply  for  the 
veils.  In  southwestern  and  southern  Illi- 
lois  the  ground  must  be  considerably  lower 
:han  in  northern  and  western  Illinois  to 
)btain  a  flow.  In  the  latitude  of  St.  Louis, 
md  south  from  there,  the  head  is  gener- 
illy  as  low  as  600  feet  above  tide,  and  flows 
ire  obtained  only  at  a  few  points,  there 
feeing  a  less  uniform  head  or  hydrostatic 
pressure  than  in  the  northern  and  western 
parts  of  the  State.  The  most  favored  part 
of  the  State  for  deep  artesian  wells  is  that 
lying  north  and  west  of  Illinois  Kiver. 
The  following  section  (fig.  40)  is  along  a 
line  from  Wisconsin  River  in  western  Wis- 
(^onsin  southward  to  Cap  au  Gres  near 
the  mouth  of  Illinois  River  through  a  re- 
gion where  artesian  wells  are  very  success- 
ful. It  will  be  observed  that  northward 
from  Aledo  the  section  shows  but  one  shale 
bed  —  the  Hudson  —  and  this  is  wanting 
north  of  Galena,  but  south  from  Aledo  the 
Kinderhook,  Devonian,  and  Coal  Measures 
shales  comprise  a  considerable  portion  of 
the  section.  It  is  thought  that  the  intake 
is  not  restricted  to  the  outcrop  of  the  sand- 
stone in  Wisconsin,  but  that  the  limestones 
and  other  pervious  beds  farther  south  take 
in  a  large  amount  of  water. 

There  are  only  a  few  small  areas  in  Illi- 
nois in  which  the  drift  furnishes  flowing 
wells.     These  areas  are  usually   on   the 
slopes  of  moraines,  or  along  valleys   in 
which  there  is  a  thick  filling  of  drift.     The 
intake  appears  to  be  on  the  moraines  or        5   3   a   *   »   !t   > 
possibly  on  outlying  gravel  plains  in  the        ^       ^  ^   -^  ^    ^ 
first  instance,  and  on  higher  ground  bordering  valleys  in  the  second 
instance.     In  these  wells,  as  in  those  which  obtain  their  supply  from 
the  rock,  the  rise  of  water,  or  hydrostatic  pressure,  is  in  many  cased 
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no  greater  than  in  neifj^hboniig  welU  that  do  not  overflow,  the  ovi 
being^  due  to  tiie  low  altitude  of  the  surf  nee.  The  largest  fli 
woll  district  is  in  a  basin  yy^^g  on  the  north  nlope  of  a  moralni 
toni  in  Iroquois  County  and  border  portiorts  of  adjact^nt  eoiiat 
eastern  Illinois,  and  oonipi  ise^  an  area  uf  aliout  5(K>  square  : 
There  is  a  smaller  district  with  exceptional  1 3'  strong  flows  around 
mac,  m  northern  Yermition  County.  Other  small  diatrieti^r  oecui 
PlattviUe,  in  Kendall  Omnty:  near  Earlville,  in  northern  L 
Counigr;  nearSycamorf\  In  northern  Dekalb  County;  nearPalati 
no rthoamOook County,  and  along  Salt  Cn^ek  Valley,  in  northi^ni 
and  eastern  Dupage  County*  Theie  aie  a  few  flowing  wbIIm  alon 
north  fork  of  Chicago  Uiver,  in  northern  Cook  and  southern 
counttes.  flowing  well 8  are  also  common  In  low -lying  tractf^  a 
moniines  of  Lake,  McHenry,  and  Kane  eounties.  The  conihjnec 
of  aHlliese  small  districts  will  prol»ah]y  not  ^^reatly  exeeed  that  1 
lro(]UO&Ei  district  (600  >4quare  niilc^).  Oceasional  flowing  well) 
H( tattered  over  the  central  part  of  the  State,  ehiefly  along  river  va 
and  thiNK^are  very  fewin  the  western  and  southern  portions  in  ai 
Hituations. 

WATERS  IK  UET^TIOX  TO  lIAnTTATlOK.       M 

Tha  census  of  1900  give<4  Illinois  a  ]>opulation  of  4,H::£1,550,  % 
warmnts  the  assumption  of  a  ]) resent  population  of  ahcait  5,CKX 
Ah<mt  half  of  this  population  derives  the  supply  for  drinking  and  i 
other  domestic  uses  from  surface  water,  Lake  Michigan  furnii 
water  for  the  2,000,000  or  more  people  of  Chicago,  and  several  < 
small  cities  along  the  lake,  and  the  streams  of  the  State  furnish 
t^upply  for  about  300,000  people  living  in  the  small  cities  and  vill 
It  h  estimated  that  about  a  half  million  people  obtain  their  drii 
water  from  wells  of  considerable  depth.  There  thus  remains  i 
2,iKK»,000  people  who  are  supplied  from  wells  of  shallow  deptl 
small  part  of  the  population,  residing  principally  in  the  driftless 
i*f  the  State,  depend  entirely  upon  rain  water  collected  in  cisterns 
niin  water  is  used  to  a  small  extent  in  every  community  throu{ 
the  State  for  drinking  water,  and  is  used  extensively  for  other  dc 
tit*  purposes.  Spring  water  is  also  in  use  to  a  very  limited  e; 
tbn^ughout  the  State. 

The  chemical  survey  of  the  waters  of  the  State  instituted  a 
University  of  Illinois  in  1895,  and  conducted  by  Prof.  A.  W.  Pal 
has  called  attention  to  the  quality  of  the  water  from  the  several  801 
in  use.  Up  to  the  present  time  about  11,000  sanitary  analyses  an 
mineral  analyses  have  been  made,  representing  conditions  in  100  c 
102  counties  and  about  500  cities,  villages,  and  hamlets.     Froi 
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latest  report,'  covering  the  period  1897  to  1902,  inclusive,  the  follow- 
ing results  of  the  survey  are  taken.  The  rain  water  in  use  by  the  res- 
idents is  seldom  properly  filtered  and  the  ordinary  cistern  filter,  ^^  as 
commonly  managed  or  rather  neglected,  frequently  is  almost  worse 
than  useless,  inasmuch  as  it  soon  becomes  surcharged  with  matters 
which  it  has  removed  from  some  of  the  water,  and  then,  instead  of 
purifying  the  water  that  subsequently  passes  through,  often  becomes  a 
source  of  offense  if  not  of  danger.'' 

^^In  general,  water  taken  from  lakes,  from  streams,  or  from  the 
ground,  when  these  sources  of  supply  are  in  their  original  or  natural 
condition,  is  perfectly  wholesome  and  unobjectionable,  but  with 
increasing  population  and  longer  occupancy  of  the  ground  the  condi- 
tions change  and  contamination  becomes  inevitable."  For  this  reason 
Professor  Palmer  remarks  that  it  would  be  best  for  even  the  people  of 
the  smallest  towns  to  use  for  drinking  purposes  only  the  water  supplied 
by  one  general  plant,  the  sanitary  condition  of  which  could  and  should 
be  thoroughly  and  periodically  investigated  by  experts  acting  under 
the  direction  of  a  water  commission  or  the  State  board  of  health. 

This  chemical  survey  has  shown  that  the  normal  shallow  drift  waters 
contain  chlorides,  sulphates,  carbonates,  and  silicates  of  calcium,  mag- 
nesium, potassium,  and  sodium,  with  minute  quantities  of  iron  and 
aluminum  compounds,  together  with  considerable  quantities  of 
nitrates,  but  only  minute  quantities  of  saline  ammonia  and  albuminoids; 
organic  matters  are  almost  entirely  absent;  nitrites  are  frequently 
present  in  notable  quantity.  The  normal  deep  drift  waters  contain 
in  general  the  same  mineral  salts  as  the  shallow  waters,  but  usually 
the  quantity  of  iron  is  considerable,  and.the  nitrates  are  either  entirely 
absent  or  present  in  but  minute  quantity,  while  free  ammonia  is  abun- 
dant and  albuminoids  are  present  in  considerable  quantities.  ' '  Oxygen 
consumed"  is  high,  and  the  water  residue  blackens  upon  being  heated, 
showing  that  it  contains  much  .organic  matter.  The  waters  from  shal- 
low wells  are  well  aerated  and  are  clear,  sparkling,  cool,  and  of  agree- 
able taste;  those  from  the  deeper  wells  contain  little  or  no  oxygen, 
possess  in  many  cases  a  disagreeable  taste,  due  to  the  presence  of  marsh 
gas,  accompanied  occasionally  by  minute  quantities  of  sulphurcted 
hydrogen,  and  are  either  turbid  or  become  turbid  quickly  on  exposure 
to  air,  owing  to  the  oxidation  of  the  iron  carbonate  which  they  contain 
and  the  consequent  precipitation  of  insoluble  ferric  compounds. 

^'  Although  these  unpleasant  characteristics  of  the  deep  drift  waters 
give  rise  to  much  prejudice  and  objection  to  their  general  use  for 
drink,  nevertheless,  from  the  sanitary  standpoint  they  are  usually  to 

a  Chemical  Sanrey  of  the  Waters  of  Illinois.  Report  for  the  years  1897-1902,  by  Arthur  WilUam 
ralmer.    Published  by  the  Univenity,  1906, 2M  pages. 


be  pgefarredrtothi?  ^lour  and  palatable  waters  of  the  shallow  wetk 
since  the  tfideiioe  of  miuierou^  analyse:^  {^how^n  thttt  tbev  are  le^^^  8tib- 
jeekto  poifaitioii  with  refill  animal  matters  tburi  are  the  latter,  while 
the  argftoic  matter^^  which  they  contain  are  derivod  from  huriod 
TegrteUe remains  and  are  coTiipumtivcly  hantile^H,'^ 
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Though  not  so  alnindatit  an  in  more)  rugj^l  arca^,  ^pringH  are  never- 
thelees  numeroiifii  iri  IHinoiN.  Tha^e  of  the  drift  arr  prolmbly  Hie 
most  abundant  numeric  ally,  but  the  iiKiividtuU  ^pritigs  am  frenemlij 
small,  sometimes  hmi^  mon*  t^i^i^s^.  Such  waters  vary  in  character 
according  to  the  eonrttitntioo  of  the  drift,  but  in  geneml  they  an>  hard, 
aiMl  freqaently  carry  conMidemblc  iron  in  .solution.  In  theCtml  Meas- 
ure fooks  they  are  very  often  highlv'  rharjsred  with  iron  i^ulph^to 
or  carbonate,  aEdt.  hydrr^^en  sulphide,  etc.^  whih^  in  the  liuief^tone  tbe 
waters  are  generally  very  hard.  *Spriugs  are  iiumeruiLs,  and  &onietinii>i^ 
of  considerable  SI 7.C  in  tlie  liniestonei*  and  older  sandstone.s,  especially 
along  the  bluffs  of  Mississippi  River. 

A  considerable  number  of  the  mineral  qirings  are  the  sitea  of  reaoriB 
of  more  or  less  importance.  Many  report  sales  of  water  for  mediofaMl 
or  table  purposes.  The  22  springs  reporting  to  t^Uttifted  States 
Geological  Survey  in  1902  are  as  follows:* 

Abana  Spring,  Libertyville,  Lake  County. 

Anna  or  Cave  Mineral  Springs,  Anna,  Union  County. 

Aqua  Vitie  Mineral  Springs,  near  Maquon,  Knox  County. 

Aurora  Lithia  Spring,  Montgomery,  Kane  County. 

Black  Hawk  Springs,  Rock  Island,  Rock  Island  County. 

Blue  Grass  Springs,  Montgomery,  Kane  County. 

Cumberland  Mineral  Spring,  near  Greenup,  Cumberland  County. 

Deer  Lick  Mineral  Spring,  Dearfield,  Lake  County. 

Diamond  Mineral  Spring,  Grantfork,  Madison  County. 

Elmhurst  Mammoth  Spring,  Elmhurst,  Dupage  County. 

Glen  Flora  Mineral  Springs,  Waukegan,  Lake  County. 

Gravel  Springs,  near  Jacksonville,  Morgan  County. 

Macinac  Mineral  Spring,  Woodford  County,  near  Carlock. 

Magnesia  Spring,  Montgomery,  Kane  County. 

Min-ni-Ni  yan  Spring,  Bristol,  Kendall  County. 

Mokena  Mineral  Spring,  Mokena,  Will  County. 

Original  Springs,  Okawville,  Washington  County. 

Perry  Mineral  Springs,  Perry  Springs,  Pike  County. 

Red  Avon  Mineral  Spring,  Avon,  Fulton  County. 

Sanicula  Springs,  Ottawa,  Lasalle  County. 

Sylvan  Dell  Spring,  Galewood,  Cook  County. 

White  Diamond,  formerly  Spouting  Mineral  Spring,  South  Elgin,  Kane  County. 

a  Chemical  Sun-ey  of  the  Waters  of  Illinois.    Report  for  the  years  1897-1902,  by  Arthur  Williaift 
Palmer.    Published  by  the  Uniyersity,  1908,  pp.  8-9. 
opeale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Oeol.  Survey,  1904,  p.  996. 
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The  aggregate  sales  of  these  22  springs  are  given  as  1,767,955 
gallons,  with  a  value  of  $89,565. 

PRINCIPAIi  PUBMCATION8. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale.    Bull.  U.  S.  Geol.  Survey 

No.  32,  pp.  142-144. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  25-30 
Water  resources  of  Illinois,  by  Frank  Leverett:  Seventeenth  Ann.  Rept  U.  S.  Geol. 

Survey,  pt  2,  pp.  695-849. 
Wells  of  Illinois,  by  Frank  Leverett:  Mon.  U.  S.  Geol.  Sur\'ey,  vol.  38,  pp.  550-787. 
Description  of  the  Danville  quadrangle,  by  M.  R.  Campbell  and  Frank  Leverett: 

Geol.  Atlas  U.  S.,  folio  67,  U.  S.  Geol.  Sur\'ey. 
Description  of  the  Chicago  district,  by  W.  C.  Alden:  Geol.  Atlas  U.  S.,  folio  81,  U.  S. 

Greol.  Survey. 
Description  of  the  Patoka  quadrangle,  by  M.  L.  Fuller  and  F.  (4.  Clapp:  Geol.  Atlas 

U.  S.,  folio  105,  U.  S.  Geol.  Survey. 
Geology  of  Illinois  as  related  to  its  water  supply,  by  Charles  W.  Rolfe:  Report  on 

Chemical  Survey  of  the  Waters  of  Illinois.    University  of  Illinois,  1903,  pp.  41-56. 
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By  Frank  Lkverett. 


INTBODircrrOBT  STATKHENT, 

This  brief  discussion  of  water  oonclittons  in  Indiana^  like  that  of 
niinois,  is  restricted  chiefly  to  the  relative  value  of  the  ^evetBl  g«i> 
logic  formations  as  water  bearers.  A  mare  detailed  diecuH^ioD  o( 
dnduttge  systems,  underground  waters,  mittcrut  spring^f  iind  wuter 
supplies  for  cities  and  villages  will  be  found  in  a  paper''  by  the  author 
wUdh  appears  in  the  Eighteenth  Amiinil  Ke|>ort  of  tlie  United  States 
Geological  Survey  (pp.  426-^9)  and  a  dis^icugsion  of  the  welb  of 
Indiana,  taken  up  county  by  county,  in  Water  Supply  and  Irrigation 
papers  Nos.  21*  and  86.^  The  geologic  structure  of  Indiana  Im 
been  discussed  in  part  or  as  a  whole  in  several  of  the  reports  of  the 
State  geological  survey,  but  except  the  very  excellent  dtsiiission  of  mind 
end  waters  in  the  Twenty-sixth  and  Twmty -seventh  ATuutal  Rc|K)rt8^ 
the  State  i-eports  contain  little  information  concerning  water  supplies. 
A  paper  on  the  ^'Natural  Gas  Field  of  Indiana,"  by  A.  J.  Phinney, 
in  the  Eleventh  Annual  Report  of  the  United  States  Geological  Survey 
(pp  509-742),  presents  many  data  concerning  water  supplies. 

GEOJLOGIC  COIiUMN. 

The  formations  exposed  in  Indiana  extend  with  but  slight  breaks 
from  the  Hudson  River  group  to  the  Coal  Measures.  There  is  then  a 
wide  gap,  the  next  formation  being  of  Tertiary  (?)  age,  after  which 
another  interval  appears  between  the  Tertiary  (?)  and  the  glacial  forma- 
tions. The  table  on. page  259  gives  the  formations  penetrated  by  the 
drill,  beginning  with  the  newest  and  extending  to  the  oldest.  It  alsa 
includes  the  formations  below  the  Hudson  River  group  which  liav9 
been  reached  by  the  drill. 

a  Water  reeoarces  of  Indiana  and  Ohio. 
b  Welltf  of  northern  Indiana. 
0  Weill  of  aoutliem  Indiana. 
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Generalked  section  of  the  rock  formalions  of  Indiana, 

from  section  of  A.  J.  Phinney  in  the  Eleventh  Annual  Report  of  the  U.  S.  Geological 
Survey,  pp.  624-625.] 


deposits,  alluvium,  peat,  marl,  etc 

3in  drift  sheet  (Pleistocene) 

nari  loess,  white  clay,  etc.  ( Pleistocene) 

ri  drift  sheet  (Pleistocene) 

and  pre-Kansan  drift  sheets  (?)  ( Pleistocene) . . . 

r  (?)  deposits  (age  undetermined ) 

;^oal  Measures  (Carboniferous) 

Coal  Measures  (Carboniferous) 

3oal  Measures  and  Conglomerate  (Carboniferous) 

group  (Carboniferous) 

is  group  (Carboniferous) 

:  group  (Carboniferous) 

one  and  Waverly  (Carboniferous) 

hale  ( Devonian) 

shale  (Devonian) 

)n  limestone  and  shale  (Devonian) 

ielderberg  (Devonian) 

rie  (?)  (Devonian) 

Helderberg  (Silurian) 

me  ( Silurian ) 

.  group  (Silurian) 

group,  limestone  and  shale  (Silurian) 

(?)  (Silurian) 

I  River  group  (Ordovician) 

lale  (Ordovician) 

I  group  (Ordovician) 

sr  (Ordovician) 

\fagne8ian  (Cambrian) 

n  sandstone  (Cambrian) 


Thickness. 

Fset. 

5-60 
5-250 

6-50 
5-250 

(?) 

5-60 

60-195 

600-888 

60-210 

0-74 

0-330 

6-106 

42-632 

70-120 

25-47 

47 

5-65 

14-20 

25-230 

65-150 

52-480 

46 

60 

260-860 

0-300 

486-525 

150-224 

400db 

323-f 


pbi:n^cipal.  water-bkaring  formatio:n^8. 

Peter  sandstone. — The  St.  Peter  sandstone,  in  the  Indiana  field, 
y  is  a  calcareous,  loose-textured  rock,  saturated  with  salt  water, 
ning  more  or  less  sulphate  of  magnesia  and  sulpureted  hydrogen. 
',  however,  be  potable  in  the  extreme  northwest  paii;  of  the  State. 
rvton  limestone, — The  porous  portion  of  the  Trenton  limestone, 
t  in  parts  of  the  State  where  it  carries  natural  gas  and  oil,  is 
iturated  with  salt  water,  the  water  taking  the  place  of  the  gas  and 
the  latter  become  exhausted  by  pumping. 
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SM^on  hed^.  —The  HiicWri  ^roup  in  a  very  poor  water  liearpr,  tuitifj: 
oompwed  largely  <»f  shiile.  It  m  uj^cd  to  ii  liiniU'd  extent^  however,  it 
itB  outcrop  in  tho  i^tJiitheaHtern  part  of  the*  State  to  supply  water  Ur 
domestic  us^, 

Clinton  mid  Mtdtna  S^^f/*,— Thi>  Cliiiton  and  iVtedina  are  eotDi%rb 
tiT^y  thin  fornjution^  with  very  Hmited  mm^  of  outcmp^  ui>d  jm%B 
a  rate,  inferior  water  bearers, 

NiaguTfi  h'mrHtime. — The  Niai»ani  ^roup  conf!ii.sts  largely  of  a  liHie 
sfeone  whirh,  as  in  Illinois,  contains  u  larg<*  amount  of  water,  geiienilly 
palatable  and  mntatih*  for  domeNtii^  u.Hii^  In  ^ome  auHie^^^  iis  in  ntinul^, 
the  wat^r  U  dmrpfod  with  Kulphureted  hydro^^^en  prodin-ed  throu|;h 
the  deconijK>witi<iri  of  pyriteinclndeil  iri  tlit*  liitieHtofMs  This  fid re^statw 
farnishefi  proJiably  the  most  abundant  supply  of  wnter  Huital»l«  for 
domeetir  \\m  to  he  found  in  any  siri^h^  rock  for  mat  ion,  since  it  is  stnirk 
at  moderate  depth  in  imieli  of  {\m  eastern  part  of  tlie  State.  When  it 
passes  Under  the  cover  of  later  f(»rnmtionH  Hiid  i*inks  to  eonsiderabli^ 
depths  the  water  he(^omes  Imu^ki^ih  and  is  unsuitahte  for  domestic  use, 

Wifkrltme  mtd  Lfjwcr  Ilthh-rhf-nj  UmrHtfmr'n,—T\w  lirne^stone  fonim- 
tioDsaliove  the  Niagara  to  the  liase  ot  the  Di»vonian  inhale  affonl  good 
8appIie^4  of  water  in  the  n>^ion  of  outcrop,  water  Ixdn^  ffcnerally 
struck  in  veins  or  fissureH,  as  m  the  Niagara  limestone*  The  outcrup« 
are,  however ^  eoniparativei}^  few,  t^iinee  these  formations  an?  ordinarily 
buried  under  very  h^^sn  y  rirpo-:T{>.  of  drift.  Tlieir  vahir  as  writer  bin\r 
ers  is  found  chiefly"along  the  Wabash  Valley  above  Delphi  and  in  the 
southern  part  of  the  State,  where  the  drift  is  thin  or  wanting. 

Devoniaii  shale. — The  Devonian  shale  which  underlies  heavy  deposits 
of  drift  in  the  northern  part  of  the  State  and  also  a  narrow  strip  lead- 
ing west  of  north  from  Ohio  River  at  New  Albany  to  the  Tippecanoe 
near  Monon  is  perhaps  the  poorest  water-bearer  in  the  State,  but  it  is 
so  generally  deeply  covered  by  water-bearing  beds  of  drift  that  there 
is  little  need  of  penetrating  it. 

Waverly  shale. — The  Waverly  shale,  which  is  found  on  the  north 
border  of  the  State,  like  the  Devonian  shale,  is  a  very  poor  water- 
bearer,  and  like  it,  too,  is  concealed  deeply  beneath  water-bearing 
beds  of  drift. 

Knobstone  forinatlim. — The  Knobstone  formation  from  the  central 
part  of  the  State  southward  constitutes  the  knobs  or  most  hilly  tracts 
of  southern  Indiana,  and  includes  some  sandstones  as  well  as  shales. 
It  is  covered  by  drift  north  from  northern  Brown  County,  and  the 
drift-covered  portion  is  not  drawn  upon  for  wells  to  any  notable 
degree.  The  driftless  portion  of  this  formation  is  only  sparsely  set- 
tled and  the  residents  depend  to  a  large  degree  upon  springs  which 
issue  from  the  sandstone  beds  along  the  valley  slopes.  The  water  is 
ordinarily  fresh  and  much  softer  than  that  obtained  from  neighboring 
limestone  formations. 
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jSL  Louis  limestone  beds. — The  St.  Louis  limestone  belt  occ^upies  in 
its  outcrop  a  width  of  about  20  miles,  and  extends  from  Ohio  River  in 
Harrison  County,  west  of  north  through  Washington,  Orange,  Law- 
rence, Monroe,  Owen,  Morgan,  Putnam,  and  Montgomery  counties  to 
the  borders  of  the  Wabash  Valley  above  Attica.  It  is  unglaciated  as 
far  north  as  northern  Monroe  County,  and  furnishes  the  sole  supply 
for  the  residents,  with  the  exception  of  the  rain  water  collected  in 
cisterns.  There  are  some  localities  in  which  the  expense  of  sinking 
wells  into  the  limestone  far  enough  to  strike  water  is  so  great  that  cis- 
tern water  has  come  into  use  for  drinking  as  well  as  for  other  domestic 
pui-poses.  In  the  drift-covered  portion  of  this  limestone  belt  a  large 
part  of  the  wells  are  obtained  without  entering  the  limestone,  though 
its  several  members  appear  to  be  good  water  bearers  wherever 
penetrated. 

Chester  sandstone. — ^The  sandstones  which  come  in  between  the  lime- 
stone group  and  the  Coal  Measures  form  a  narrow  strip  running  from 
Perry  County,  on  Ohio  River,  west  of  north  to  the  Wabash  Valley  at 
the  vicinity  of  the  great  bend  near  Attica.  The  region  between  Ohio 
River  and  White  River  is  either  drif tless  or  carries  only  a  thin  deposit 
of  drift,  and  the  sandstone  supplies  water  at  moderate  depths  and  also 
is  the  source  of  many  springs,  usually  of  fresh  water. 

Coal  Measures, — The  Coal  Measures  of  the  southwestern  part  of 
Indiana  are  either  unglaciated  or  covered  to  only  a  slight  depth  with 
drift,  but  in  western  Indiana  they  are  so  thickly  covered  that  wells  are 
either  obtained  in  the  drift  or  at  the  junction  of  the  drift  with  the 
rock.  Wells  which  have  been  sunk  into  the  rock  have  in  some  cases 
struck  '^copperas  water"  at  moderate  depths,  and  salt  water  is  usually 
encountered  at  depths  of  more  than  2(K)  feet.  To  obtain  good  water 
in  this  region  exploration  should  be  made  by  the  drill  until  fresh 
water  free  from  sulphates  has  been  reached.  Waters  with  objection- 
able properties  which  oc<;ur  at  higher  levels  can  then  be  cased  out,  as 
is  impracticable  when  the  wells  are  dug.  In  some  localities  it  seems 
necessary  to  use  rain  water  collected  in  cisterns,  the  sulphates  in  the 
waters  from  the  rock  ))eing  so  generally  present  that  good  wells  are 
very  difficult  to  obtain. 

Tertiary  deposits. — The  Tertiary  deposits  are  of  very  limited  extent, 
and  the  only  places  in  which  they  appear  to  be  of  value  as  water- 
bearers  are  found  where  the  gravels  have  been  redeposited  in  the  Ohio 
Valley,  in  which  case  they  sometimes  yield  springs  of  considerable 
strength,  some  of  which  are  to  be  found  below  Rockport. 

Drift. — The  glacial  deposits  of  Indiana  extend  to  Ohio  River,  in  the 
southeastern  part  of  the  State,  but  the  drift  border  runs  northward 
from  near  Jeffersonville  to  northern  Brown  County,  and  thence  west- 
ward into  Monroe  County,  passing  a  little  north  of  Bloomington.    The 
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oonrse  is  thra  south  west  ward  across  Greene,  Martin,  Dubois, 
GHbsaoiyUid  PoBey  counties  to  the  mouth  of  the  Wabajsh,  From  a1 
the  latitude  of  Indianapolis  southwai'd  the  thickness  of  the  drift 
Tery  moderatOi  except  along  the  line  of  pre- Glacial  vallejw,  hut 
nearly  mil  parfaB  of  the  State  north  of  this  latitude  there  is  a  hm 
deposit  whidh  in  places  reaches  a  thickness  of  500  feet,  and  aii:m^ 
aboat  SWO  feet.  The  average  thickness  in  the  entire  glaciated  ii^^rtioi 
of  the  State  is  estimated  to  l>e  about  130  foet.  There  are  a  few  coim^ 
ties  itt  the  southeaKteru  part,  and  small  ti'acts  in  the  south  westem, 
where  the  drift  is  composed  very  largely  of  cornpact  clayey  nint*^rH 
which  is  sachfL  poor  water-hearer  that  well^  have  been  sunk  iiit^  ^h 
rode formatioiiH.  Elsewhere  in  the  State  it  is  the  exception  to  hiAh 
weU  extemUng  to  the  rock  without  encountering  more  or  lej*«  wate^ 
bearing  gravel  and  saiuL  In  the  areas  of  tliickest  drift  the  gmvel  aiul 
sand  generally  greatly  propoodemte  over  clayey  niateriaL  The  larg^ 
amount  of  gravel  and  sand  in  the  drift  of  this  State  seems  due  to  tk 
fact  that  ther^  was  a  crowding  or  converging  of  ice  kil>e8  which 
entered  the  State  from  the  grcBt  haj^ins  of  Lake  Michigan,  Saginaw 
Bay^and  Lake  Erie,  whic^h  would  natui^ally  produee  a  great  amount  <>{ 
glacial  dndni^. 

In  the  Illinois  district,  where  the  single  ice  lolte  from  the  I^ake 
Michigan  basin  uas  free  to  sprcjid  widely,  the  streams  occupied  only 
a  small  part  of  the  glaciated  area,  and  thus  left  wide  stri|is  in  which 
there  was  very  little  movement  of  waters  to  carry  away  the  clayey 
material.  In  Indiana  as  well  as  in  Illinois  there  were  oscjlhitions  of 
each  of  the  seveml  ice  lohes,  which  have  resulted  in  alternations  of  beds 
of  various  degrees  of  coarseness  and  permeiibility  to  water.  I  n  the  final 
retreat  of  the  ice  an  extensive  but  compamtively  thin  sheet  of  sand 
was  deposited  over  the  district  between  the  Kankakee  and  Tipjjecanoe 
rivers  in  northwestent  Indiana,  but  clsewhon^  in  northern  Indiana  the 
surface  capping  is  largely  clay.  The  inferior  quality  of  much  of  the 
water  in  the  rock  fonnations  of  Indiana  is  more  than  made  good  by 
the  great  abundance  of  excellent  water  in  the  drift,  so  that  the  State 
is,  as  a  whole,  highly  favored  in  its  water  supply  for  all  domestic 
uses. 

The  map  of  Indiana  and  Ohio,  PI.  XVI II,  shows  not  only  the  relation 
of  the  wells  to  the  drift,  but  also  the  parts  of  the  State  in  which 
the  drift  is  of  exceptional  thickness.  It  should  perhaps  be  stated 
that  in  the  portion  where  the  drift  is  but  25  to  75  feet  thick  wells 
are  commonly  obtained  without  entering  the  rock,  and  rock  wells 
are  nearly  as  rare  as  in  the  districts  where  there  is  more  than  100  feet 
of  drift. 
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liOCAMTIES  FAVORABIiB  FOR  ARTESIAN  WEIiliS  IK 

INDIANA. 

There  are  no  extensive  areas  in  this  State  where  artesian  wells  may 
be  obtained,  except  perhaps  in  the  northwestern  counties  where  the 
conditions  are  similar  to  those  of  the  neighboring  part  of  Illinois. 
Elsewhere  occasional  flows  have  been  obtained  in  the  vallej^s  of  the 
main  streams  or  exceptionally  low  parts  of  interfluvial  tracts.  The 
deep  borings  were  sunk  usually  for  the  purpose  of  obtaining  oil  or  gas, 
little  attention  being  given  to  the  head  attained  by  water.  The  data 
are  therefore  insufficient  to  warrant  definite  statements  concerning  the 
head  to  be  expected  at  any  given  place  or  conclusions  concerning  the 
regularity  or  lack  of  regularity  in  the  hydrostatic  pressure. 

Flowing  wells  from  the  drift  have  only  been  obtained  in  very  small 
areas,  which,  like  those  of  Illinois,  are  situated  usually  on  the  iceward 
side  of  prominent  moraines  or  in  the  valleys.  Numerous  instances 
will  be  found  recorded  in  the  papers  by  the  author  referred  to  above. 

MINERAIi  WATERS. 

Mineral  waters  are  of  common  occurrence  in  Indiana,  and  include 
the  waters  of  both  springs  and  wells.  Mr.  W.  S.  Blatchley  has 
recentl}'  made  an  extended  study  of  such  waters  and  has  published  a 
detailed  report  treating  of  their  character  and  uses.**  Over  100  springs 
or  wells  are  described  and  a  large  number  of  analyses  given.  Dr. 
Robert  Hessler  has  made  a  report  on  the  medicinal  properties  and 
uses  of  Indiana  mineral  waters.* 

Springs  occur  in  nearly  all  parts  of  the  State  and  in  rocks  of  widely 
diflferent  types.  Those  from  the  coal-bearing  rocks  of  the  Carbonif- 
erous are  relatively  small,  but  carry  large  amounts  of  mineral 
matter,  especially  salt,  iron  sulphate,  iron  carbonate,  and  hydrogen 
sulphide.  The  springs  in  the  limestone  regions  generally  carry  much 
lime,  but  hold  little  of  the  substances  mentioned  as  characterizing  the 
Coal  Measure  rocks.  Some  of  these  are  of  great  volume,  welling  up 
from  fissures,  or  from  between  beds,  or  emerging  from  caves.  In 
some  instances  the  volume  is  sufficient  to  furnish  water  power  for 
mills. 

Up  to  1886  few  deep  wells  had  been  drilled,  but  since  that  date  more 
than  14,000  bore  holes  have  been  sunk.  Some  of  these  flowed,  and  in 
many  others  the  water  rose  nearly  to  the  surface.  Large  supplies  are 
sometimes  obtained.  Much  of  the  water  is  highly  mineralized  and  of 
medicinal  value,  and  wells  have  been  developed  in  many  instances  into 
important  resorts. 


a  Indiana  Dept.  Geol.  Nat.  Rcjsources,  Twenty-sixth  and  Twenty-seventh  Ann.  Repts.,  pp.  11-158. 
blbid.,  pp.  16^224. 
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The  water  is  to  a  coti^ideruhk'  cxtont  used  at  thf^  indhnilual  welk  or 
springs,  but  in  1902  whipmpiits  from  16  springs  aiuountcd  to  27S,38*) 
£^OttS,  with  a  value  of  %2M^iyOl.  The  average  price  per  ^llon 
is  the  highest  in  tiie  conutry/'  FdIIowIhi^  i^  a  list  of  the  jepring^ 
reporting: 

Attica  lithis  Sjurin^*!^,  AUIni,  Founljiin  Omiity. 

Elliott  Springs,  VCWh^w  Y^Uvy,  Marliri  Ci>inity. 

Emerald  Spring,  ludlarm  Alinuml  Sprhii;^,  Wjirit* n  ^^rt^l^t>^ 

Frmch  lick  SprijjgH,  Fivi i  c*  1 1  I .  i  r  k ,  ( >  rai  i  ^e  d nm iy . 

Greenwood  Minerut  VVi^ll,  (ii^*]iw(MKU  JolLnt^m  County. 

Kickapoo  Magnet k<  f>pHnKt  Ku'knjMMt,  Wanvn  CVumty. 

King^e  Mineral  S|»ni}^%  Mii«1ilyfurk,  ri^;ir  DallnK  Chirk  Countv^ 

Laadne Spring,  Motint  MoHnh,  Bnmti  Ci^n^ty. 

Lodi  Artesian  Well,  HilverwcHHl,  Fountain  Oumty. 

Magnetic  Minonal  S^prmir.  Terre  Uaute,  Yigii  County, 

ModlaVia,  formal y  Indtaua  Mintrtl  8pnitg^,  Miidla via,  Warren  County, 

Mndlavia  Arteaiaii  8u][ihiir  8pring,  Mudlaviu,  Warren  C^^nnty. 

Porter  Mineral  Sprmgs,  ne^ir  i'artpr's  iJepot,  Porter  Cniiinty. 

Shdbjrrille  lithia  8j>nNf?,  Slidhyville,  Shelby  County. 

West  Baden  Spriiij^,  \S\^i  Itatlc^ti,  Oraiigi^  C-outLty. 

Winona  Lithia  Spring,  Wmona  I^fci%  Koiiinusko  CH>aDly* 

P^I^^fTPATj  PtTBLlCATIONH. 
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U.  8.  Geol.  Survey,  pt  4. 
Wells  of  northern  Indiana,  by  Frank  Leverett:  Water-Supply  and  Irrig.   Paper 

U.  S.  Geol.  Survey  No.  21,  1899. 
Wells  of  southern  Indiana,  by  Frank  Leverett:  Water-Supply  and   Irrig.  Fbper 

U.  8.  Geol.  Survey  No.  26,  1899. 
Description  of  the  Dan\alle  quadrangle,  by  M.  R.  Campbell  and  Frank  Leverett: 

Geol.  Atlas  U.  S.,  folio  67,  U.  S.  Geol.  Survey. 
Description  of  the  Chicago  district,  by  W.  C.  Alden:  Geol.  Atlas  U.  S.,  folio  81, 

U.  S.  Geol.  Survey. 
Mineral  waters  of  Indiana,  by  W.  S.  Blatchley:  Indiana  Geol.  Survey,  vol.  26,  pp. 

11-158. 
The  medicinal  properties  of  Indiana  mineral  waters,  by  Robert  Hessler:  Indiana 

Geol.  8ur\'.,  vol.  26,  pp.  159-226. 
Description  of  the  Ditney  quadrangle,  by  M.  L.  Fuller  and  G.  H.  Ashley:  Geol. 

Atlas  U.  S.,  folio  84,  U.  S.  Geol.  Survey. 
Description  of  the  Patoka  quadrangle,  by  M.  L.  Fuller  and  F.  G.  Clapp:  Greol. 

Atlas  U.  S.,  folio  ia5,  U.  S.  Geol.  Survey. 
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OHIO. 
By  Frank  Leverett. 


INTRODUCTORY  STATEMENT. 

A  somewhat  detailed  discussion  of  drainage  systems,  mineral  springs, 
and  water  supply  for  cities  and  villages  will  be  found  in  a  paper  by 
the  author  which  appears  in  the  Eighteenth  Annual  Report  of  the 
United  States  Geological  Survey.^  The  drainage  features,  both  pres- 
ent and  pre-Glacial,  and  the  glacial  formations  in  their  relation  to  water 
supplier  are  treated  at  some  length  by  the  author  in  Monograph  XLI 
of  this  survey.  The  rock  waters  and  flowing  wells  of  Ohio  are  dis- 
cussed by  Exlward  Orton  in  a  paper  in  the  Nineteenth  Annual  Report 
of  the  United  States  Geological  Survey.  The  paper  covers  the  sub- 
ject of  the  relative  value  of  the  several  geologic  formations  as  water- 
bearers.  In  Ohio  the  State  l)oard  of  health  is  required  by  law  to 
approve  all  public  water  supplies  when  introduced,  and  their  reports 
may  be  consulted  for  analyses  made  in  accordance  with  this  law.  A 
report  published  in  1898  contains  an  exceptionally  full  discussion  of 
water  supplies,  and  includes  the  paper  by  Orton,  referred  to  above. 

GEOIiOGIC  COLUMN. 

[Modified  from  paper  of  Edward  Orton  in  Nineteenth  Annnal  Report  of  the  U.  S.  Geologrical  Survey.] 

Formation.  Thickness. 

_ 1 ^ 

Feet. 
Recent  depodts,  allaviaTn,  peat,  marl,  etc 5-50 


Wisconsin  drift  sheet  (Pleistocene) 

The  loess  or  white  clay  (Pleistocene) 

Illinoian  drift  sheet  ( Pleistocene) 

Upper  Barren  Coal  Measures  (Carboniferous) 

Upper  Productive  Coal  Measures  (Carboniferous) . 

Lower  Barren  Coal  Measures  (Carboniferous) 

Lower  Productive  Coal  Measures  (Carboniferous) . 
Conglomerate  Coal  Measures  (Carboniferous) 


0-300 
3-15 
10-250 
500db 
200± 
500± 
250± 
250:1= 
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Logan  pfroup  (EocBrlMniforooB)  „ ,  * •  ^, . - - 0^ 

Cuyiihciistt  ehak  { Eot^rbcmiferous) , - ISCM-SS 

fteimi  Hhalo  ^rnl  i^Ht  (Carlmriiferons) * ,_*..*._*,*  ..„• , *_'  25-Ki(^ 

Bwiforil  hlmk  mul  ismnlatoiii*  ( t'uH wuifcroiw) ..-.,,,.- .-«]  Wl^iSO 

Ohiofthale,  etc.  (Devoniiin)  __ __.. _ . . 250-^^ 500* 

Cornif emuK  1  iiiiestone  ( Otnuniiin ) , -...,.. i  SS-IOO 


OiKuiiln^  lijiit^^lom*  (Hiliinan} *,. ***..  ,,<,***.,  ..,,___•..**_}  SO-0IM 

Niagara  group,  liim?sto!ie  and  shale  ( Silurian ).,._...*. --.^•-,., i        1 5(V-35fi 

Clmton  IrmetiUuie  ( ISiliirian) _ ...* 

Metlina  ^hak  (Silurian ) ..,>. 

Hiid^n  River gmup,  flhalen aiid  Umert«n>€«  (Ofrlovlcian)  -, 

Utica  shale  ^Oniovirian )  . .  - , ...-.,-.,..,.,- -  - , , 

Truntou  group  (Ordovuiao)  , .  -  -  - , _* , , 


300^000 


CIIARACTKRTBTTCS   OF   WATERH    OF    DIFFERENT   DKPTIia 

The  following  ^enoml  priiiriple^  havfj  l>eeii  stated  hy  Ortun  in  the 
report  above  [iietitioTied; 

K  Tht^i^ubtieirtuntfari  watere  from  a  compamlively  b  ha  How  depth  earry^  uea  ruk^ 
di»^1v6<i  (mrt>iinatr$t.  Litite  and  injignci^ia  am  the  lea^ling  liw$e$,  tnit  }M>ta>>«iimi  mu^ 
enxHum  alsi*  *MTut  m  liumU  qiiaiititu^.  Iron  i«  unfarliiiKJy  l^r^'t^ent.  and  offrti  in 
notable  quantity.    These  wells  are  common  sources  of  potable  supply. 

2.  Water  from  a  greater  depth  holds  dissolved  chlorides  as  well.  Chloride  of 
sodium  is  by  far  the  most  common,  but  chlorides  of  magnesium  and  calcium  are  also 
often  added.  The  presence  of  chlorides  is  seldom  shown  in  water  at  less  than  100 
feet  in  depth,  and  where  found  they  are  confined  to  a  few  formations  of  the  Ohio 
column.  It  is  very  rare  that  the  drill  descends  to  300  feet  without  encountering 
saline  water  or  water  too  highly  mineralizes!  with  other  elements  to  be  acceptable 
for  the  highest  uses.  Aside  from  that  of  a  few  w^ells  in  glacial  drift  no  water  of  the 
State  is  known  that  comes  from  a  depth  greater  than  500  feet  and  still  remains  free 
enough  from  mineral  solutions  to  warrant  its  use  as  potable. 

3.  Sulphates  are  generally  found  in  the  deeper  waters,  but  are  also  found  in  the 
shallower  waters.  The  most  common  compound  is  calcium  sulphate;  but  sodium 
sulphate  is  not  infrequent. 

4.  Sulphides  also,  particularly  sulphureted  hydrogen,  though  often  rising  to  the 
surface  in  so-called  sulphur  springs,  are  especially  characteristic  of  waters  found 
in  limestones,  and  nearly  all  of  the  water  of  the  great  Ohio  shale  system  is  charac- 
terized in  this  way.  Sulphides  pass  into  sulphates  very  promptly  and  by  reactions 
easily  understood. 

BEIiATIVE  VAIiUE  OF  DIFFERENT  ROCK  FORMATIONS  AS 

WATER-BEARERS. 

Of  the  large  number  of  formations  present  in  Ohio,  as  indicated  in 
the  section  above,  Orton  considers  only  the  following  to  be  important 
water^'bearers:  Trenton  limestone,  Clinton  limestone,  Niagara  lime- 
stone, Onondaga  limestone,  Corniferous  limestone,  Logan  sandstone, 
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Berea  grit,  Carboniferous  conglomerates,  and  certain  sandstone  beds 
of  the  Coal  Measures. 

Trenton  limestone. — The  waters  of  the  Trenton  limestone  are  all 
highly  mineralized  and  have  a  strong,  bitter,  or  saline  taste;  they  are 
also  charged  heavily  with  sulphureted  hydrogen. 

Clhdmi  lirneMone. — The  Clinton  limestone  affords  a  large  number 
of  springs  along  its  outcrop  in  Preble,  Montgomery,  Warren,  Greene, 
and  Clinton  counties.  This  limestone  when  under  a  deep  cover  of 
later  formations  carries  water  too  highly  mineralized  for  a  potable 
supply.  It  is  therefore  utililized  for  domestic  purposes  only  along 
the  line  of  outcrop. 

Niagara  Utn^stan^.. — The  Niagara  limestone  contributes  its  most 
important  supplies  of  water  where  it  immediately  underlies  the 
glacial  drift  in  a  few  counties  in  the  western  part  and  a  narrow  strip 
leading  from  there  southward  to  Ohio  River  in  Adams  County. 
Orton  refers  to  the  effect  of  atmospheric  agencies  in  enlarging  the 
joints  of  the  limestone  and  establishing  underground  reservoirs  and 
channels  for  waters  which  sink  into  this  formation  from  the  overlying 
drift  deposits. 

Onondaga  limentone, — The  Onondaga  limestone  is  considered  by  far 
the  most  important  source  of  underground  water.  The  great  area  of 
its  outcrop  in  the  west-central  and  northern  portions  of  the  State,  as 
well  as  the  tliickness  of  the  formation  and  its  soluble  character,  furnish 
the  basis  for  this  estimate.  A  considerable  number  of  cities  and  vil- 
lages depend  upon  this  limestone  for  water  supply. 

Comiferous  Umestoiu, — The  Corniferous  limestone  is  considered  of 
small  importance  as  a  source  of  water  because  of  its  comparatively 
small  area  of  outcrop.  Several  flowing  wells  in  the  city  of  Columbus 
have,  however,  been  obtained  from  it,  and  there  are  numerous  springs 
issuing  from  it  along  the  Scioto  Valley. 

Logan  mndstone, — The  Logan  sandstone  is  a  water-bearing  stratum 
wherever  found  at  the  surface.  It  outcrops  prominently  in  Richland, 
Ashland,  and  Wayne  counties.  Artesian  wells  have  been  obtained 
from  it  at  several  points  in  Wayne  County,  and  the  water  supply  of 
Orrville  is  from  this  source. 

Berea  grit, — The  Berea  grit  is  also  a  good  water  bearer  along  the 
line  of  its  outcrop  and  often  affords  supplies  when  covered  by  the 
Cuyahoga  shale  to  moderate  depths.  Such  is  the  case  at  the  village 
of  New  London. 

Coal  Measures, — The  Conglomerate  Coal  Measures  contain  a  white 
and  pebbh^  sand  of  great  purity — the  Sharon  conglomerate — which  in 
its  outcrop  in  northeastern  Ohio  affords  excellent  wells.  The  city  of 
Massillon  now  derives  its  supply  from  this  source.  Cuyahoga  Falls 
also  stands  on  this  conglomerate  and  the  welb^  of  the  village  are  largely 
obtained  in  it. 
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The  water  supply  of  the  Coal  Measures  proper  U  mther  inferior. 
Excellent  wat4.*rcan  \k*  .seemed  almost  everywhere,  but  it  is  considered 
doubtful  if  the  supply  will  l>e  fi4c<iuate  for  the  growing  towuf<  that  are 
loeatol  within  the  boundaries  of  this  fortnatiotu  It  i?*  proimhle  that 
the  streams  of  the  region  will  need  to  be  drawn  upon  for  public  water 
supply. 

Drift.  ^The  gla e ial  depose i  ts  furnish  by  f a  r  t he  la rg<>st  a u i on  n I  of 
potable  water  to  be  i^btninetl  within  the  State.  The^^e  deposit*^  cover 
nearly  three  fourths  of  the  State,  the  southeastern  pculion  only  bein*;^ 
urtghu  rated.  The  valley  gravels  have  l>een  carried  down  the  main 
valleys  of  the  driftless  portion  of  the  tState  and  liokl  much  of  the  water 
of  the  valley  drainage  at  convenient  depth  for  wells;  the  qtiality  of 
water  is  generally  excellent.  The  Illinoian  drift  sht*et  extendi^  beyond 
the  Wisconsin  oidy  in  a  few  cotuitiea  in  the  central  and  southwestern 
paii^  of  the  State.  This  drift  sheet  is  eoniposed  largely  of  cday«y 
material  except  along  the  line  of  pre-Glacial  valleys,  where  there  ih 
found  to  be  a  large  tilling  of  ,Hand  or  coarser  water-tearing  mat^^riaL 
Within  the  limits  of  the  Wisconsin  drift  the  moniines  are  u>4ually  com 
ptiHi*il  in  large  pwrt  of  gmvelly  or  sandy  materia  I,  but  in  some  cases 
wells  have  to  be  sunk  to  considerable  depth  to  strike  strong  water 
veini!!p  On  the  plains  between  the  moraines  lM*ds  of  .Mind  and  gravel 
are  usually  found  sandwii  bed  between  l)e<isof  clay  or  till  at  convenient 
depth.  Throughout  the  greater  part  of  the  drift-covered  pr>rtion  of 
the  State  good  wells  are  obtained  at  depths  of  50  feet  or  less,  and  there 
are  only  a  few  localities  in  which  it  is  necessary  to  sink  to  depths  of 
100  feet  or  more.  There  are,  however,  localities  in  which  strong 
supplies  are  obtained  at  moderate  depth,  and  yet  borings  have  been 
sunk  100  feet  in  order  to  obtain  flowing  wells. 

Much  of  the  surface  portion  of  the  drift  is  a  clayey  material  which 
protects  wells  obtained  in  underlying  deposits  from  surface  contami- 
nation. Even  the  areas  covered  by  great  glacial  lakes  in  the  north- 
west part  of  the  State  have  usually  a  clayey  soil,  the  principal  excep- 
tion being  a  belt  of  sand  north  of  Maumee  River  in  Fulton  and  Lucas 
counties.  The  relation  of  wells  to  drift  formations  may  be  seen  by 
reference  to  the  map,  PI.  XVIII. 

liOCAIilTIES  FAVORABI-E  FOR  ARTESIAN  WBI^I-S. 

Artesian  wells  from  rock  formations  are  comparatively  rare,  although 
the  water  is  usually  under  considerable  hydrostatic  pressure.  Orton 
calls  attention  to  strong  flowing  wells  near  Orrville  obtained  from  the 
Logan  conglomerate  or  sandstone  and  to  flows  at  Massillon  from  the 
Sharon  conglomerate  and  to  a  few  others  at. points  scattered  over  the 
State.  There  appears  to  be  no  extensive  areas  of  artesian  water  open 
to  development  in  the  State  from  any  of  the  rock  formations.  The 
glacial  deposits  are  a  much  more  productive  field  for  exploration. 
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Flowing  wells  have  been  obtained  without  entering  the  rock  in  a 
l>elt  on  the  inner  slope  of  the  great  morainic  system  that  runs  from 
southeastern  Michigan  across  northwestern  Ohio  into  Indiana.     Hun- 
dreds of  wells  have  already  been  obtained  in  Williams,  Defiance,  and 
Fulton  counties.     The  wells  range  from  shallow  fountains,  diflFering 
but  little  from  boiling  springs,  in  which  pipes  are  driven  only  10  to 
20  feet  into  the  ground  up  to  borings  nearly  200  feet  in  depth.     In 
much  of  that  region  the  thickness  of  the  drift  is  150  to  200  feet  or 
more.     Flowing  wells  are  also  found  along  the  line  of  deep  pre-Glacial 
channels  in  Allen,  Auglaize,  and  Mercer  counties  at  depths  ranging 
from  100  feet  or  less  up  to  350  feet,  and  wells  have  in  some  cases  been 
continued  to  depths  of  more  than  400  feet  without  striking  the  rock. 
Records  of  many  of  these  wells  are  presented  in  the  report  by  Orton, 
mentioned  above.     There  are  many  other  places  in  Ohio  where  flowing 
wells  are  found  in  small  areas  of  a  square  mile  or  less  to  which  atten- 
tion has  been  directed  by  the  author  in  Monograph  XLI.     These  wells 
are  usually  on  the  iceward  slope  of  moraines,  and  the  region  of  intake 
is  probably  restricted  largely  to  the  moraine  adjacent  to  them.     They 
are  of  various  depths,  from  20  feet  or  less  up  to  100  feet  or  more. 
Probably  further  exploration  with  deep  borings  would  enlarge  such 
flowing  well  areas  or  increase  the  number  of  areas  in  which  flows  are 
obtained,  for  in  a  great  many  districts  the  occurrence  of  abundant 
water  at  moderate  depths  has  freed  the  residents  from  the  necessity 
of  drilling  deeply  to  test  the  chances  for  artesian  waters. 

MIKERAIi  8PRIKG8. 

Both  the  drift  and  the  rocks  of  Ohio  yield  a  considerable  number  of 
springs.  The  springs  of  the  drift  vary  with  the  nature  of  the  local 
materials,  but  are  generally  hard  and  may  carry  much  iron.  The 
rock  waters  of  the  Coal  Measures  are  frequently  salt  or  chalybeate, 
while  those  of  the  limestones  are  generally  hard.  Many  of  the  springs 
have  been  developed  as  resorts,  while  others  place  their  water  on  the 
market  for  medicinal  or  other  purposes.  Twenty  such  springs  reported 
sales  in  1902,  the  amount  of  which  aggregated  1,948,840  gallons,  with 
a  value  of  $172,746.**    The  springs  reporting  are  as  follows: 

Alba  Spring,  Rockfort,  Cuyahoga  County. 

Arcadian  Springs,  Mineral  Springs,  Adams  Connty. 

Buckeye  Lithia  Spring,  near  Martins  Ferry,  Belmont  County. 

Concord  Crystal  Spring,  Concord,  Lake  County. 

Crum  Mineral  Spring,  Austin  town,  Mahoning  County 

Crystal  Rock  Spring,  near  Sandusky,  Erie  County. 

Deerfield  Mineral  Springs,  Deerfield,  Portage  County. 

Fargo  Mineral  Springs,  Ashtabula,  Ashtabula  County. 

Green  Spring  Artesian  Mineral  Well,  Green  Springs,  Sandusky  County. 

Knisely  Mineral  Springs,  Bucyrus,  Crawford  County. 


a Peale,  A.  C,  Mineral  Resources  U.  8.  foi  1W2,  \3.  ft.  Q«Q\.%^art«},VW^^«')f^> 
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La  FoanUdne  Springs,  Foonttin  Burk,  Champiijgn  Oomity. 

Magnetk  HagMito  Well,  Gbttitoiiy  Sterk  Oc»ii^ 

OakridgB  Bprioi^  GrftenqfuringH,  BKodxakf  Oonnty. 

FiuncevUk  Mliieiftl  ^[M^,  MneivilH  Ij^ 

Furitafl  Spring,  Rodtport,  Cityalioeft  Oooiily. 

PnrCldbaiigli  Minora!  Spring,  UriMttia»  Ohampiiign  Oooiily. 

Rex  Ferro-Iithla  Springs,  New  Richmond,  CSermoiil  Ooouty. 

Ripley  Brom-Litbift  Sprix^  Ri]^,  Brown  Ocnui^. 

Tklewanda  Minend  Springs,  near  College  Gonier,  Pk^le  Conntj. 

Wheeler  Mineral  Springs,  Yonngstown,  Mahoning  Ooanty. 

FRD7CIPAI<  PUBXAC2ATIOKB. 

Mineral  springs  of  the  United  States,  by  A.  0.  Feale:  BoILn.  &Geol.8iimyB<K 

j^  ldO-134. 
IMiminaiy  list  of  de^  borings  in  the  United  BMes,  pt  S^  by  M.  H.  Ite^ 

Supply  and  Irrig.  FH^  U.  a  GeoL  Survey  Ho.  61»  pp.  91-8&. 
Water  lesonroes  of  Indiana  and  Ohio,  by  Frank  Le^peratt:  ^^tTiwulh  -^bk,  li 

U.  8.  GeoL  Survey,  pt  4.  *, 

Rodic  waters  of  Ohio,  by  Edward  Orton:  mneteenth  Ann.  BepL  17.&  CMsILBhi 

pt  4. 


WEST  VIRGINIA. 


By  M.  L.  Fuller. 


West  Virginia  has  through  a  large  portion  of  its  area  a  rugged 
topography.  It  is  mountainous  only  in  the  eastern  part,  where  it 
borders  the  Appalachian  ridges,  but  even  in  the  western  portion  it  is 
so  cut  by  streams  with  intervening  narrow  ridges  that  there  is  little 
even  moderately  level  land,  except  the  narrow  strips  along  some  of  the 
streams.  The  conditions  are  therefore  very  favorable  for  springs, 
which,  with  spring-fed  streams,  constitute  the  main  source  of  water 
supply  over  a  large  part  of  the  State. 

Topographically  and  geologically  it  may  be  divided  into  two  distinct 
belts:  (1)  The  Appalachian  Mountain  belt,  including  the  Shenandoah 
Valley,  and  (2)  the  Cumberland  Plateau. 

APPAI/ACHIAX  MOUNTAIN  BEI^T. 

This  term  is  here  used,  as  elsewhere  in  the  report,  in  its  broad  sense, 
and  includes  the  area  of  folded  rocks  lying  between  the  crystalline 
rocks  of  the  Piedmont  Plateau  of  Virginia  on  the  cast,  and  the  area  of 
gently  folded  to  nearly  flat  rocks  of  the  Allegheny  Plateau  on  the  west. 
The  belt  is  crossed  by  the  ''handle"  of  West  Virginia,  and  a  narrow 
strip  along  its  whole  eastern  boundary  is  included.  The  rocks  are 
mainly  Cambrian,  Silurian,  and  Devonian  in  age,  although  a  few  small 
areas  of  Carboniferous  rocks  are  included,  especially  near  the  western 
borders  of  the  belt.  The  rocks  include  quartzites,  sandstones,  shales, 
and  limestones,  the  latter  occurring  principally  in  the  Shenandoah 
Valley  at  the  extreme  eastern  extension  of  the  panhandle,  and  as  a 
strip  along  the  western  base  of  the  mountain  belt.  The  former  belongs 
to  the  Cambro-Silurian  rocks,  and  the  latter  to  the  Carboniferous. 

Except  in  the  Shenandoah  and  other  smaller  valleys,  this  area  is 
thinly  inhabited,  and  small  springs  constitute  the  main  source  of  water 
supply.  In  the  limestone  valleys  wells  are  sometimes  resorted  to, 
but  reliance  in  the  main  is  placed  on  cisterns,  because  of  the  uncer- 
tainty of  the  occurrence  of  water  in  the  limestone.  A  few  large 
springs  issue  from  the  limestones,  from  the  more  porous  sandstones, 
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antl  rriuro  nirely  from  the  Hhalc*^.  The  waters  are  oft4?ii  minerali^ 
nm\  of  mediemal  \  jiluc!^  aiul  h  considerable  omiilx^r  of  springs  hare 
been  developed  as  resorts.     Some  of  the  watei*s  are  thermal. 

The  greater  iK^rtion  of  the  area  of  the  State  falls  within  what  mar 
Jm?  tenucd  tlit*  Cumljerlaud  Plateau,  which  may  be  considered  as  enter- 
iii^'^  the  State  from  Kentucky  ou  the  wonth*  The  plateau  doe^  not 
pn%sent  an  even  i§urface,  but  has  been  cut  by  nti^amt^  until  only  nar- 
row-crested ridges  remain  to  represent  tJie  original  IcveL  In  a  brofld 
way  the  slope  18  to  the  northwest,  away  fmm  the  nioinitains,  the  alli^ 
tude  varying  from  3,5uO  feet  at  the  western  Imse  of  the  mountaiu.^  to 
less  than  1,00(J  feet  near  the  Ohio  River.  The  river  bottoms  are  6*unk 
several  hundred  fwt  lielow  the  upland  leveh  At  the  northern 
boundary  of  the  State  the  Oumberland  Plateau  merges  with  the 
Allegheny  Plateau  of  Pennsylvania. 

The  rocks  Wlong  mainly  to  the  coal -Ijea ring  division  of  the  Car- 
boniferous,  and  are  either  inclined  at  a  low  angle  or  gently  foldeil 
Because  of  the  numerouF^  springs  few  attt:^m[>tHS  have  h>een  made  to 
obtain  water  by  deep  lK)ring8,  hut  the  wells  drilled  for  oil  and  gas  fnv 
fjiiently  obbiin  abundant  water-,  wome  of  which  flows  in  the  syncUnes 
or  under  other  favorable  conditions. 

The  strnHtied  deposits  along  Ohit^KiviM-  und  some  of  the  otlier  large 
streams  yield  good  water  to  shallow  wells,  but  their  area  is  limited. 

MIXERAIi  SPRINGS. 

In  1902  nine  springs  reported  sales  of  mineral  water.  The  total 
output  is  stated  to  be  92,310  gallons  and  to  have  a  value  of  $25,343.^ 
Several  of  the  springs  are  also  developed  as  resorts. 

Capon  Springs,  Capon  Springs,  Hampshire  County. 

Greenbrier  Alum  Spring,  near  lyewisburg,  Greenbrier  County. 

Greenbrier  White  Sulphur  Springs,  White  Sulphur  Station,  Greenbrier  Ck>imty. 

Magnesia  Spring,  No.  2,  near  Wheeling,  Ohio  County. 

Manacea  Irondale  Spring,  near  Independence,  Preston  County. 

Pence  Spring,  Pence  Springs,  Summers  County. 

Red  Sulphur  Springs,  Red  Sulphur  Springs,  Monroe  County. 

Triplet  Well,  Calf  Creek,  Grant  District,  Pleasanta  County. 

Webster  Springs,  Webster  Springs,  Webster  County. 

PRINCIPAIi  PUBIilCATIONS. 

Mmeral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  69-73. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  61-64. 

a  Peale,  A.  C,  Mineral  Resoarces  U.  S.  for  1902,  U.  8.  Geol.  Survey,  1904  p.  996. 
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sources of 260 

Weathered  rocks,  occurrence  of  water 

in    1 37-38 
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to  Connelly  Springs,  N.  C,"  and  been  placed  at  page  13. 
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Page    30.  PI.  Ill  should  have  had  the  title  "  Profile  of  South  and  Ocmrilgee  rivers 

from  Constitution  to  Macon,  Ga.,"  and  been  platted  at  page  46. 
Page    47.  Fig.  6  should  have  had  the  title  **  Profile  of  Alcovy  River  below  Dabney*s 

bridge,  Georgia,"  and  been  placed  at  page  56. 
Page    56.  Fig.  8  should  have  had  the  title  "Profile  of  upper  Chattahoochee  River 

from   Nacoochee,  (ia.,  to  junction  with  Chestatee  River,'*  an<l   been 

placed  at  page  61. 
Page    62.  Fig.  10  should  have  had  the  title  "Profile  of  lower  Chattahoochee  River 

from  West  Point  to  Columbus,  Ga.,"  and  been  placed  at  page  71. 
Page    73.  Fig.  12  should  have  had  the  title  "  Profile  of  Chestatee  River  below  Wil- 
low, Ga.,"  and  been  place*!  at  page  77. 
Page    76.  PI.  IV  should  have  had  the  title  "  Profile  of  Chippewa  River  from  Reeds 

Landing,  Minnesota,  to  Flambeau,  Wis.,"  and  been  placed  at  page  98. 
Page  103.  Fig.  18  should  have  had  the  title  "  Profile  of  Buffalo  River  from  Flatwooda 

to  Lobelville,  Tenn.,"  and  been  placed  at  page  11. 
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LETTER    OF    TRANSMITTAL, 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washingtoriy  D.  C,  July  2S,  1904. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled    *  *  River 
Surveys  and  Profiles  Made  in  1903/'  which  has  been  arranged  by 
W.  Carvel  Hall  and  John  C.  Hoyt. 

This  paper  contains  the  results  of  the  cooperative  river  surveys 
carried  on  during  1903  between  the  topographic  and  hydrographic 
branches. 

There  is  a  large  demand  for  the  data  herein  presented  by  engineers 
and  others  interested  in  power  development.  I  therefore  recom- 
mend that  this  manuscript  be  published  as  a  Water-Supply  and 
Irrigation  Paper. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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RIVER  SURVEYS  AND  PROFILES  OF  1903. 


Arranged  by  W.  C.  Hall  and  J.  C.  Hoyt. 


INTRODUCTION. 

n  order  to  determine  the  location  of  the  undeveloped  water 
i^ers  on  the  various  rivers  in  the  United  States  the  United  States 
>logical  Survey  has  from  time  to  time  made  surveys  and  profiles  of 

more  important  of  the  rivers  on  which  possible  power  sites  were 
)wn  to  be  located.  The  object  of  these  surveys  is  to  point  out 
alitios  where  power  may  be  developed. 

;n  the  determination  of  the  river  profiles  the  general  plan  of  survej- 
:)ptcd  was  as  follows : 

The  elevations  were  based  upon  reliable  heights  derived  from 
imary  or  precise  levels  of  the  United  States  Geological  Survey. 
i  this  datum,  with  few  exceptions,  lines  of  flying  levels  were  car- 
d  up  the  bank  of  each  stream  and  bench  marks  were  established 

intervals  of  about  1  mile,  usually  on  nails  on  tree  roots.  The 
vations  of  the  surface  of  the  water  at  the  head  and  foot  of  each 
)al,  rapid,  or  fall  were  noted.  These  levels,  with  few  exceptions, 
v^e  been  tied  at  both  ends.  In  the  case  of  Broad  River  primary 
els  were  used  instead  of  flying  levels,  and  regulation  bronze  tab- 
3  left  at  intervals  of  6  miles. 

The  horizontal  control  of  the  survey  was  by  plane  table  oriented  by 
npass,  while  the  distance  was  always  obtained  by  means  of  stadia 
asurements.  To  further  insure  the  accuracy  of  the  work,  the 
dia  rod  was  so  divided  that  one  division  on  it  ecjualed  one  division 
the  scale  used  in  plotting. 

The  field  sheets  were  plotted  on  the  scale  of  1  :  22,500,  with  the 
leption  of  the  surveys  of  the  Tallulah  and  Tugaloo  rivers,  which 
re  on  the  scale  of  1  :  45,000.  Several  different  runs  of  river  were 
►tted  on  the  same  plane-table  sheet,  the  ends  of  the  different  sec- 
ns  being  so  marked  that  there  would  be  no  difficulty  in  joining  them 
i  making  one  continuous  map. 

In  these  sheets  were  shown  the  outlines  of  the  river  banks,  the 
mds,  the  positions  of  rapids,  shoals,  falls,  and  existing  dams,  the 
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crosiiliigs  of  all  forrios  anti  roatls,  und  us  much  of  the  eu 
rivor  hut  to  I II  as  tuuJd  be  obtained  without  leaving  ihej 
neighljorhooti  of  the  river.     The  rivor  batiks  were  contou 
und  the  adjacent  river  bottoms  ?«ketched,  all  with  an  i«t( 
ftH^t.     (hi  these  lield  sheets  are  marked  iti  their  jiroptT  jx 
elevations  of  the  various  bench  marks  left,  as  are  also  the  I 
of  the  water  surf nces  w I leiTver  obtained* 

For  each  river  surveyed,  first  are  given  a  brief  de8cri}>tiaatt 
the  elevations,  and  a  condensed  profde  of  the  portion  uf  1 
surveyed. 

The  elevations  as  given   in    the  original    notebooks   biT 
adjusted  in  accordance  with   the  various  primarj^  heighlft 
and  the  figures  herein  given  are  the  ones  obtained  fnmi  thb^ 
nient. 

On  file  in  the  Washington  office  are  the  original  topograf 
and  profiles  on  the  scale  of  1  inch  to  a  mile  horizontal  and  l1 
100  feet  vertical* 

ACKNOWLEDGMENTS, 
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and  M,  U,  Hall  for  suggestions,  and  to  Messrs.  C.  B.  KendftU  i 
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supervision  of  Mr.  S*  S.  Gannett,  geographer. 

BUFFALO  RIVER  FROM   FLATWOODS  TO  LOBELVILLE,  TEN! 

A  line  of  Hying  levels  was  run  on  Buffalo  Kiver^  Tennessee,  from 
mouth  of  Little  Opossum  Creek,  near  Flat  woods,  to  Standing  K 
Ford,  about  3  miles  north  of  Lobelville — a  distance  of  47  niiles,  ' 
plane-table  survey  was  on  the  scale  of  1 :  22,500.  During  the  coi 
of  f  },t>  vvnrk  ?s  hi'Hr'b  niMrlv<  nn  tree  roots  w^ere  marked  and  3R  wa 
surface  elevations  were  recorded. 

The  total  fall  of  that  stretch  of  the  river  is  109  feet,  and  is  so  ev< 
distributed  that  there  seems  to  be  no  power  site  of  any  value.  Tl 
are  now  two  crude  dams,  one  near  Linden  and  the  other  i 
Lobelville,  supplying  power  for  small  gristmills,  but  at  neither  p 
do  the  conditions  warrant  the  construction  of  more  substantial  da 

The  soil  near  the  river  is  fertile  and  well  adapted  to  the  cultiva^ 
of  corn,  hay,  and  peanuts. 

The  elevations  in  the  following  list  are  based  upon  an  assui 
elevation  of  537.25  feet  for  the  water  surface  at  the  mouth  of  Li 
Opossum  Creek  as  interpolated  from  contours  sketched  on  the  W 
nie  sheet.  The  assumed  elevation  is  probably  wdthin  20  feet 
correct  datum. 
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The  leveling  was  done  October  4  to  31,  1903,  under  the  direction  of 
car  Jones,  topographer,  by  Ralph  Hutchins,  levelman. 
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Fio.  1.— Profile  of  Buffalo  River  from  Flatwoods  to  Lobelville,  Tenn. 


vations  on  Buffalo  River ^  Tennessee,  from  Little  Opossum  Creek  to  Standing  Rock  Ford 


ttADOe 

miles. 


0.0 

.0 
3 
.6 
1.0 
1.2 
2.1 
2.2 
4.1 
4.1 
6.3 

6.2 
8.9 
8.9 
10  6 
10.8 
11.9 


Little  Opossum  Creek,  mouth  of;  east  side  of  river  at  ford,  haokberry 
tree,  nail  in  root  of 


Surface  of  water 

East  side  of  river  at  ford,  nail  in  root  of  elm  tree 

Ford,  east  side  of,  dead  sycamore  tree,  nail  in  root  of 

Ford,  125  feet  north  of;  east  side  of  river,  nail  in  root  of  sycamore  tree. 

Surface  of  water 

Ford,  south  side  of  river,  nail  in  root  of  sycamore  tree 

600  feet  north  of  ford,  surface  of  water 

Sinking  Creek,  east  side  of  river,  maple  tree,  nail  in  root  of 

Sinking  Creek,  mouth  of,  surface  of  water 

Ford,  275  feet  north  of,  north  bank  of  river,  ea.st  side  of  highway,  at 
angle,  nail  in  root  of  sycamore  tree * 

Ford,  650  feet  west  of;  surface  of  water 

50  feet  from  river,  south  side  of;  sycamore  tree,  nail  in  root  of 

Surface  of  water 

Ford,  east  bank  of  river,  sycamort*  tree,  nail  in  root  of 

Hurricane  Creek,  mouth  of;  surface  of  water 


Hurricane  Creek,  1.1  miles  from;  50  feet  east  of  ford,  nail  in  root  of 
beech  tree 


Elevation 
in  feet. 


537.  25 

533 

532.26 

531.59 

532.32 

528 

529.06 

525 

524.90 

520 

521.  16 
512 
510. 01 
,503 

500.  70 
498 

504.17 
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Stirfw^  ftf  WRt*!r __„..,._ 

At  ff iH,  t'lifit  biiuk  of  riTCfi  nail  in  rocil  of  wJlbw  IrtM*. ^.,. ,> 

Surf*!''*^  of  WHt IT . ........    ..  r . ,     .^. .............     .-..-...,.., 

At  fartl*  MitiLh  biiiik  itf  hvtTp  riiul  in  root  of  rnftple  trw. . . 

'  Ford ,  WO  fnrl  ir**st  of ;  aiirfiw-^^  of  water , .  . 

Fordt  'H  Hi  ill  brtiik  of  riviM'j  nail  in  ni*»t  of  sjrainorp  trpt*, ,  ,*»*,»^^-- 
Ford*  i*(ist  biu*k  of  nvA^r,  nnil  in  mot  of  syoftiiiorf  troe .,..«.,«.»»«,. ., 

Count. j^'  brid)»e,  wt^nt  nbutinent.  liolt  in  busi^  of  girder. _^^ - , ^-.1 

Ford,  i'lusi  hank  of,  nail  in  root  of  sjcamoif*'  twv. . , , . , 

Surfnu'i*  of  *^'«  tlT .,,...... , . . , .  ^  * .,,.., ,  _  ,1 

<3oon  Vrvi'k  Ford,  ittst  ttftnk  of  riv**r,  nail  in  bast*  of  willow  lixw*^ ,  .^  J 

Fcjrd.  ^i'H)  fi^rt  north  of,  Hui-fjirr  of  wati*r,  .,,,,,..., ,....,,_.  ,i 

Foiid,  KMl  f(t^t  wrsi  of:  wtst  haiik  of  ftv^x,  nail  ill  Imst*  of  willow  irw. 

Ford,  Murfiirc  t*f  waijtr. , .  _ , , , 

Ford,  f'lu^l  hnnk  of  rivt*r*  i*cth*w  ifi  ham.'  of  syciunorc  trpc.„ 

FohH,  Hiii fuf'i*  of  tt'ttirr. .,..__... ._,._._.....__,_.._,, 

Bruwh  i*rtH*k,  ouisi  h*ujk  of  rivor,  nail  In  root  of  <tyt*aTJtuit>  trw? 

Snrfjtoi^  of  wftt<*r .,,__.. ...,.*.,^.., ,.. 

A htnc  duJii,  i>urruor  of  wairr  ..,,*,,.... ..,-.. , , . ,  * 

Boh>w  (lanit  surfae*^  of  wat*^f.-.  .^-^..- 

Forth ivr^il  blink  of  HviT.  top  of  l«r|:n  ro<"k -.. 

Foi'd,  TiOri  ft  ft  1 1  kiw,  isiirfrw**^  of  wiiNt 

Ford,  we«l  litink  of  rivf  i ,  top  of  lar^f  lork _ 

Rlirfftft^  of  wfti tT- , - _ 

BLurdNlown,  vikhI  l^ank  of  rivcr^  At  ford,  nail  in  looi  of  .^fyramori!  Irw?. 

(!»10  hH  Ijrkiw  ford,  siirfac p  of  water , , . _ . , 

Ford*  wrHl  httok  of  rivcTt  oijil  in  lOot  of  syonnum^  Ire**, 

Ford,  l'l^st  bunk  of  riwr,  nail  in  njot  of  ImtklMTry  trf*<*. 

FrjftJi  ftinitli  hank  at  river^  nwid,  ftotitb  flidi%riftil  in  itmt  of  Hjc-amor^  tftH'. 

F<ird.  i^tTAi  tvH  below.  .stirfjwM^  of  wRtc*r,  .>...... 

Almvr  tltnn^  Hurfm^r  of  watf^r. ..........  -^ ,,  - , 

Bi*low  dani*  surfaiM*  of  wiitiT,  ,,»,,,.,.,,,,,,*, 

Fortb  sooth  blink  of  nvi  r,  roud,  wisi  widrs  nail  in  root  of  syramon?  tre^^ 

Ford^  ou.'^l  biLiik  of  rivei,  nail  in  Uhm*  of  syt'anion^  sapliiii; 

Surfiy!<^  of  WAl<*r _ 

Dothoii  Fitrih  f  lu^i  hank  J  top  of  rw^k _ 

I  Ir^U't  Forci,  iiurfacf*  of  watr r .,,....,..,* 

Ixif^nn  Ford,  south  hank,  wefil  side  of  roud,  nm^  In  1»bsc  of  wilkw  twr- 
Btiiiidinj^  Kof'k  Ford.  K^mtb  bank*  naij  in  root  of  ninph  Irrr 
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TAWBA    RIVER    PROM    MARIAN,  N.  C,  TO  CONNELLY   SPRINGS, 

N.  C. 

Catawba  River  was  surveyed  from  the  Halltown  road  crossing,  near 
krion,  N.  C,  down  the  river  to  the  mouth  of  Johnsons  Mill  Creek, 
ar  Connelly  Springs,  N.  C. — a  distance  of  45  miies.  A  line  of  flying 
relswas  run  in  connection  with  the  plane-table  stadia  traverse,  which 
ks  on  the  scale  of  1 :  22,500,  based  on  a  permanent  bench  mark  of  the 
aited  States  Geological  Survey  at  Marion,  N.  C.  This  flying  line  is 
>nnected  with  a  precise  line  along  the  Southern  Railway,  run  by  the 
Bological  Survey  in  1896,  at  Bridgewater,  Glen  Alpine,  Morganton, 
id  Connelly  Springs,  at  each  of  which  points  there  is  a  permanent 
gnch  mark.  There  were  only  three  temporary  bench  marks  set 
long  the  river,  but  there  were  160  water-surface  elevations  recorded, 
U  of  which  were  adjusted  to  the  mean  reading  on  the  gage  estab- 
shed  at  the  upper  bridge  near  Morganton.  The  work  was  done  in 
uly,  August,  and  September,  1903,  by  R.  C.  Howard  and  S.  A.  Oben- 
hain,  under  the  direction  of  W.  C.  Hall,  topographer. 

In  the  stretch  of  river  surveyed  there  is  a  total  fall  of  243  feet.  At 
)resent  there  is  only  one  crude  dam — at  John  River  Road  Ford, 
vhere  there  is  a  fall  of  4  feet,  supplying  power  to  operate  Hunter's 
^istmill.  There  is  a  dam  site  near  Connelly  Ford.  The  combined 
fall  of  two  shoals  about  half  a  mile  apart  is  12.3  feet  and  a  long,  rocky 
island  in  the  lower  part  of  the  shoal  would  somewhat  facilitate  the 
construction  of  a  dam.  At  this  point  the  river  is  about  200  feet  wide, 
with  rocky  cliffs  on  both  banks.  The  river  bottom  is  very  fertile, 
the  principal  crops  being  corn  and  hay. 

EleucUions  on  Catawba  River  between  Halltown  Road  ami  Connelly  Springs,  N.  C. 


Distance 
in  miles. 


0. 0  I  Halltown  Road  Ford,  head  of  island,  hrad  of  shoals,  surfac*'  of  water 

.  1  I  Foot  of  shoals,  surface  of  water 

.  2  I  Head  of  shoals,  surface  of  water 

.  2  I  Foot  of  shoals,  surfac^^  of  water 

.  5  I  Head  of  shoals,  surface  of  water 

.  7     Foot  of  shoals,  surface  of  water 

1. 1     Mouth  of  North  Fork,  0.5  mile  aln^ve,  head  of  shoals,  surface  of  water 

1. 1     Foot  of  shoals,  surface  of  water 

1. 3     Head  of  shoals,  surface  of  water 

1. 3     Foot  of  shoals,  surface  of  water 

1. 7  Head  of  shoals,  surface  of  water 

1. 8  Foot  of  shoals,  surface  of  watir 

2. 1  '  Head  of  shoals,  surface  of  water 

2. 3     Foot  of  shoals,  surface  of  wat("r ' 

"Adjuated  to  bench  mark  at  Marion;  McDowell  County  courl-house;  west  face,  at  south  end  o! 
ortico,  bronxe  tablet  marked  "  1438";  elevation,  1.436.8r»7  feet. 


Elevation 
in  feet 
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T{c«d  of  Mfiofeliif  auifiioi'  i>f  wntpf,- -►-,--^,  ^- 

F««t  of  B^tOMb,  surfsfCr  of  w»t4^r. ..,. ,,^»^*.r-,--r-*# 

Hrnd  i>f  shoiiLs,  mrlmcse  of  witf  r, . . , ^ -  i.^p  -,*<•*-  -  ,  -  - « 

Kiw.ii  of  shiiHln,  Murfm^'  iif  WHl.fr.  .,,»„._^,.*^,.,i,.*»..^,  ^^,-. 

Hoiul  of  sbooU*  surfiM'r  of  woUt* -*.»,.  .,*«,*...,  ..,,**  ,,,,.,** 
Nt>rtli  [milk  tif  bliindi  font,  of  MhnAkf  !iurfiifi»  of  wftt4»r  . .  ^. , . . . .  ^  _ , 

IWd  of  isljind.  hrad  of  lihniilM^  Piiurfuro  of  «snl4T. ,,, .«..>*.. 

FiK*i  fif  i>tl»ml,  ftwil  «f  Ahud»,  s^irfAi-H-  <>f  wrUt ^ . .  --.-.,,,._ 

llt>«jic)  of  sboniv,  Burftt^N?  of  w«ter. . ,  - -.,_.., 

FiHit  4>f  shijftls,  jaurfiwM^  of  wntrr .-,-. 

Ilt'Bcl  of  slioale,  surfnei*  of  wiit«*r ^..-, ,-. 

Foot  of  »«hoAla,  surface  of  wat^^r, . . . - - 

lU*mi  of  whottUj  etirfiw'o  of  water. , 

Fin>L  of  sMiioals,  Aiirf rtji^  of  WAt^r .^. 

lionil  of  slttmlst  9iirfac(t  of  water , , « 

Fi>*>t  of  ulioolst  ^Mtin^js?  of  w(*t4^r - ....._,,,, .,. 

1  Ii'mj  of  H^KM»t»*,  wirfinn*  i  if  wnt**r- ,..,.._, _  ^ 

Foot  of  ahodei,  surfacv  of  w»U?r , , . , ,. ,, 

CoiiiM?l!y  Fivrd,  b*'»d  of  hIiohIm,  Hurf «»?  of  wttter, ,_ ._.. 

Ft>€>t  of  sliiiml.4^  sorfafii^  of  wrttrr , , _,,,,,,_ 

HpJkd  of  flhods,  surface  of  water, ,..._....,,,  ^  .,,.,„  „ , 

Foot  of  Hboals,  Biirfat*^*  of  water. .,*.****.•...,,*.,,-_*,,.,,.,, 

Hi*ad  of  shottls^  surf m't'  ttt  wati>i'. .  ^ ,._.__,,. . , . , , , 

Small  ialftnd  in  ish<*alB,  foot  of  aho<iIt*j  eiirfaeH  of  wB.t«r,  * . , , , . , 

Bi^twppn  lar^'  tsbnd^t,  lioftd  of  shoab^  surfajec  of  wat4?r. ., , . , , 

KfKJt  of  i^lamk^  foot  of  shoiils^T  siirfai^^  of  wftU*r,  ** .  _* ,,_.,,,._ 

At  hpftd  of  broad  flood  rhaQiiel,  h^ad  of  shoatiiii  !n]^fAC1^  of  wator 

Foot  of  tiliottltip  surfftfv  of  wak-r. *.,.,,*, 

At  foot  of  brond  <']miiiirl,  Iw&d  of  ^boal^,  surfajce  of  water ^. . . 

Foot  of  iihoabi,  ?njrfacc  of  waUt , 

Head  of  .sIioaIs,  surfajc^  of  water , . 

Foot  of  isboul^ K  surfwcp  *if  wat^r, ..... 

Head  of  a^tHmlts,  mirfaw  of  water 

Foot  of  [f^tioalK.  BU rfacp  of  waUT, ^ ._ ^ 

Head  of  slHmJ*«T  sorfiic4^  **f  wal^^. ..,,* .__ . 

Foot  of  atioab,  surf  act  of  water. ...»..^ 

Head  of  wJioals,  liorfaro  of  wttt+T. . ,,,,,.,.,...,... 

Foot  of  ^huats,  8urfacp  of  wal vr .,......,.,... 

John  Ri vi*r  Road,  head  of  aboals,  tmrf ace  of  water. ,.,..... 

Fool  of  shoal!*,  surfftoc  of  watxT. ....,..,,, .,,.*,.^ 

JuBl  bf.  low  ffirdj  head  of  sHobU,  sorfac*  of  wat^r, , , , 

Foot  of  aboals,  surface  of  water. .         —  .**,.* ,.,,, 
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ons  on  Catawba  River  between  Ualltawn  Road  and  ConndLy  SpringSf  N.  C. — Cont'd. 

ee  I    Elevation 

s.  I     in  feet. 


Head  of  island,  head  of  shoals,  surface  of  water.. . 
2     Foot  of  shoals,  surface  of  water 

8  J  Head  of  shoals  at  head  of  island,  surface  of  water . 

9  Foot  of  island,  foot  of  shoals,  surface  of  water 

1  I  Head  of  shoals,  surface  of  water 

1 
6 
6 


3 
5 
7 
9 
9 
.4 
.4 
.5 
.5 
.6 


1,099 
1,094 
1,094 
1,092 
1,092 
1,089 
1,089 
1,084 
1,083 
1,079 
1,079 
1,079 
1,078 
1,075 
1,075 
1,074 
Below  head  of  island,  head  of  shoals,  surface  of  water ■       1, 074 


Foot  of  shoals,  surface  of  water 

Just  above  dam,  surface  of  water 

Below  ford,  foot  of  shoals,  surface  of  water. 

:  Head  of  shoals,  surface  of  water 

I 

;  Foot  of  shoals,  surface  of  water 

4     Head  of  shoals,  surface  of  water 

4      Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

1  I  Fijot  of  shoals,  surface  of  water 

3  I  Head  of  shoals,  surface  of  water 


Foot  of  shoals,  surface*  of  water. 


Foot  of  two  islands,  foot  of  shoals,  surface  of  water. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


1,070 
1,070 
1,070 

Head  of  shoals,  surface  of  water !       1, 069 

Foot  of  shoals,  surface  of  water 1, 069 

Bridgewater,  in  front  of  station,  top  of  north  rail ol, 095. 7 

Head  of  shoals,  surface  of  water 1, 068 

Foot  of  shoals,  surface  of  water 1, 068 

Head  of  shoals,  surface  of  water 1, 067 

Foot  of  shoals,  surface  of  water 1 ,  066 

Just  above  head  of  shoals,  surface  of  water ,       1, 066 

Head  of  shoals,  surface  of  water 1, 065 

Foot  of  shoals,  surface  of  water 1, 062 


Head  of  shoals,  surface  of  water * 1 ,  062 

Foot  of  shoals,  surface  of  water 1, 062 

Head  of  shoals,  surface  o\  water 1 ,  061 

Foot  of  shoals,  surface  of  wat^T 1, 061 

Head  of  ahoaKs,  surface  of  water 1, 058 

Foot  of  shoals,  surface  of  watiT I  1, 056 

Head  of  shoals,  surface  of  water |  1, 054 

Foot  of  shoals,  surface  of  water 1 ,  054 

Just  above  head  of  upptT  island,  head  of  shoals,  surface  of  water 1, 051 

Between  island  and  south  bank  of  river,  foot  of  shoals,  surface  of  , 

I       water 1,049 

Idfcewater,  0.4  mile  east  of;  bridge  seat  at  west  end  of  Muddy  Creek  Bridge,  2.75  feet  south  of  south 
>pper  bolt  marked  "  U.  S.  O.  S..  1091;"  elevation,  1,089.549  feet. 
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EkvaihnA  on  Catawba  fitwr  Miopen  IhUt(mn  Road  and  Vonmlly  Sprin*)if,  N^  C.-^%  R 


Is  tnUm* 


ItU. 


Mouth  of  Uu^  illr  Hirer,  bc'kvw  Tottl,  at  be&d  of  idmnd  and  »mth 

bftiik^  head  of  shckal^,  surfar**  <if  waU't. . , ***,*,** 

Bc^tween  iHl&nd  and  tiouth  Imnkf  foot  of  ahoab*  siirf&ce  of  w&Ut.  ... 

Bead  ol  flm»ll  bkad,  h^ad  ol  ^odjs.  surfae^  of  wat^n.-. , 

Oemter  of  lri«tid,  fwit  of  tihmJiSj  »urf aci^  of  w-aUt «.  ^  *..«*,,,. . 

Bciftd  of  two  small  ialandfi,  b^Ad  of  ahoab,  .^urfttrr  of  watf^r.  _...... 

Foot  of  ahoabi  sur faco  of  water. .................,..-..,,.,..,» 


Lone  naiTow  iaJand  abng  north  banki  bi^ad  of  ^hort  aboalj, 
or  wat^r , , ....#«•«*«. 

Bc^ad  of  nJiottU,  surfttTt'  of  trat«r^ _.*.**,--.»,.,, i 

Foot  of  ahottis,  Hiirfi*ce  of  wiOi^r . . .---.,, ♦ 

Above  ford,  hoAd  of  shoni-j,  aurfar«  of  Wllcr..........it^4^n^>4« 

H«ad  of  shoaK  ;<arfaee  of  wat«ir.  ..*., > 

Foot  of  alxoftU^  »urf»t*  of  water .>.-- ,-..-->-, 

Head  of  shonb,  sitrfaee  of  ^ater* ...................... 

Foot  of  ahoftla*  sjurf aci?  of  waiter, ,,_,-,,.,...,,,,..._.. 

Head  of  ^hoalftf  aurfaee  of  water.  .........>.,...>..  h.  ». . 

Foot  of  shcmln,  tiurf aco  of  wat«ir. ,.,,,.,.._,,._....____,,,,,,,, Jf 

HiMid  of  sbotik,  autfal^e  of  water. ^..........^ 

Head  of  Jarg^  island,  bead  of  shoals^  surf  are  of  water*  * . . 

2H}  foci  l)elow  fiMit  of  lar^o  isJaiid,  foot  of  sht  als,  surface  of  water.  . 

Ford  I  head  of  shoals,  surfatx*  of  water. . . .......,, 

Foot  of  ahoals^  surface  of  water. , , , 

He^  of  shoalst  snrfo^'e  of  wat^r. , .....,,* 

Head  of  shoals,  .surf  acp  of  water ,  *  * 

Foot  of  shoals^  surface  of  water , . 

Head  of  whoab,  surface  of  wnter _..... 

Foot  of  shoals^  fiurface  of  water , - 

Aveiy  Ford,  50  feet  above,  head  of  aboals,  surface  of  water. 

Foot  of  s]iual»»  surface  of  wat^T. ,  .^  , , 

Head  of  shoals,  surfatT  of  water . . ^» . 

Foot  of  flhoals^  surface  of  water. .* ... ...,,, 

Between  long  island  and  north  Iwnk  of  river,  head  of  shoals,  sitrfaee 
of  wattT-  -.,,., ....._... ,..„,,..... 


Fool  <if  shoatM,  »urfocc  of  water ^  ,,*,_,..,... . 

Surface  of  water. , . . . .  __ 

Head  of  flhowls,  surface  of  water ..,...,_, 

Head  of  long  narrow  island,  foot  of  ^honJs,  surface  of  water. 

Green  lea  Ford,  Iw^itd  of  shoals,  mirface  of  wiU^r , 

Foot  of  shoiils.  surface  of  water. , , 


1,0* 
1,0* 


1&2 

t&4 
I&7 

la? 

mi 

10.8 
10.8 

mi 

20.3 
20.4 

m9 

20.9 
SI.  3 
21.3 
21,5 
21, 7 
23 
22.4 
22.6 
23.4 
23.7 
23.7 
.  24 
24.3 

m 

3a.4 
2a.4 

2&.6 

25.6 

27.2 

28,1 

2&2 

2D 

29.1 

a  Circuit  from  White  Ford  to  Avery  Ford  is  adjusted  to  Glen  Alpine,  73.2  feet  north  of  north  rail 
main  track,  southeast  comer  of  brick  basement  of  Ilennesaee  &  Co.'s  store,  bronze  tablet  mark 
'1215;"  elevation,  1,213.944  feet. 


!.«» 

I.* 
I.* 

ijm 

I." 

1,08 

i.a 

1,08 

1.<H 

i.fla 
i,ra 

1,0! 
1,02 
l.OZ 
1,0|| 
•  1,01 
1,01 

i,m 

1.01 

i.n 
i,« 

1,01 
1,0 

u« 

1,0" 

1,« 
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w  on  Catawba  River  hehceen  HalUoum  Road  and  Connelly  Springs,  N.  C. — Cont'd. 


Between  island  and  mouth,  head  of  shoals,  surface  of  water 

Foot  of  island,  foot  of  shoals 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Upper  Moncanton  Bridge,  head  of  shoals  under,  surface  of  water 

Fleming  Ford,  head  of  islands  at,  head  of  shoals,  surface  of  water. . 

Foot  of  shoals,  surface  of  water 

Lower  Morganton  Bridge,  under,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Below  island  at  mouth  of  creek  on  south  bank,  foot  of  shoals,  surface 
of  water 


Elevation 
in  feet. 


Mouth  of -John  River,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Huffman  Ferr)-,  north  bank,  west  side  of  road,  nail  in  post 

Huffman  Ferry,  at  east  comer  of  Huffman's  house,  nail  in  root  of 
tree  at 

Surface  of  water 

Head  of  shoals,  surface  of  water 

At  mouth  of  creek  on  south,  head  of  shoals,  surface  of  witer 

Foot  of  shoals,  surface  of  water 

Head  of  large  island,  head  of  shoals,  surface  of  water 

Between  island  and  north  bank  of  river,  foot  of  shoals,  surface  of 


water. 


Foot  of  island,  head  of  shoals,  surface  of  water. 
Foot  of  shoals,  surface  of  water 


Lovelady  Ford,  at  head  of  small  island  between  large  island  and 
south  bank,  head  of  shoals,  surface  of  water 

Lovelady  Ford,  north  bank  of  river,  surface  of  water 

Foot  of  large  island  at  foot  of  shoals,  surface  of  water 

County  Ferry,  200  feet  south  of;  west  side  of  road,  nail  in  box  alder 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


1,000 

908 

908 

997 
«996 

992 

woo 

986 

986 

977 

976 

974 
972 
969 
963 
974.2 

i,on.75 

961 
959 
957 
956 
955 

955 
955 
955 

954 
953 
951 
968.8 
948. 
947 
947 
947 
^946 


r  Morganton  Bridge  lino  adjuaUHi  to  Morganton,  Burke  Connty  court-house, extreme  north- 

ler  of  north  portico,  hronw*  tablet  marked  "  1182; "  elevation,  1,180.774  feet. 

sUy  Springs,  142.4  feet  north  of  north  rail  of  main  track,  James  Hudson's  brick  store,  south 

ftf  east  comer,  bronxe  tablet  marked  "  1193; "  elevation.  1,191.762  feet. 

n  Mill  Creek  flows  into  Catawba  1.6  milc»  below  County  Ferry,  south  side  of  dver. 

-Water-surface  elevations  adjusted  to  mean  gage  reading  1.8  feet  at  Upper  Morganton  Bridge 

B  of  1.9-footmark,  996.3  feet. 


y> 
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TALLUJLAH  RIVER  BELOW  BLALOCK,  GA, 


P- 


Tattulah  River  rijse^  in  Habersham  and  Rabun  countiets,  Ga.,  flon 
1  a  i^ou tlieiust eriy  direction,  niul  jtnns  Chattooga  River  a  little  helm 
'allulah  Falls,  thus  forming  Tugaloo  River.  During  August,  IJHIl, 
bii*  river  wi^s  sur%^eyed  between  Talhilah  Falls,  Ga.,  and  the  tnoyti 
f  PerHimmun  Creek,  near  Bhilock,  Ga.  The  distance  between  these 
oints  iH  about  3H  mile^s,  and  there  is  a  Tali  of  451  feet.  Theswrrfj 
onsisted  at  a  line  of  primary  levels  based  upon  the  l^nit-ed  Sfftten 
leologicttl  Survey  bench  mark  at  Tallulah  Falls*  and  a  plane- taWe 
urvey  of  the  course  of  the  river.  The  field  sheets  were  plotted  on  i 
cftle  of  1 :  22,500,  *^0  bench  marks  were  established,  and  m  water^ 
urface  elevations  obtained. 

Tallnlab   River  is  a  typical  mountain  stream  and  is  subjett  to 

uddeti   f  re  si  let?*.     As  the  Chatt'Oo^a  is  of  the  same  character  tbe 

'upttoij   is   a    dangerons  stream,  a    rise   of  1.6  feet    per  hour  h 

I     hree  consecutive  hours  bein^  recorded  on  March  23,  IWH,  at  tit 

I     kmthern    Railway   bridge  near  Toccoa,  Ga.     On  this  t^ccasion  tk 

kiver  rose  15.2  feet  in  eighteen  hours, 

■  Talhdah  River  crosses  the  fall  line  at  Tallulah  Falls,  Ga.  Ib 
'this  \4cifnty  is  some  of  the  most  picturescjne  and  rugged  Hceoerj' 
in  the  8outberii  States.  In  li  miles  the  river  drops  from  U415tfl 
755  feet  above  sea  level,  or  a  distance  of  660  feet.  The  principal 
falls,  in  the  order  in  w^hich  they  occur,  are  L^eau  D^or,  28  feet;  Tem- 
pesta,  76  feet;  Hurricane,  89  feet;  Oceana,  41  feet;  Bridal  Veil,  H 
feet — all  in  a  distance  less  than  three-fourths  of  a  mile.  On  eithO 
bank  are  precipitous  cliffs,  rising  in  some  places  500  feet  sheer.  Th 
gorge  continues  to  the  Tugaloo,  with  the  exception  of  one  place  aboii 
one-half  mile  long,  where  it  opens  up  and  forms  what  is  known  as  tb 
Old  Valley  farm.  On  either  side  the  country  is  covered  with  woodg 
but  not  a  great  deal  of  merchantable  timber  appears  to  be  available 
In  2  miles,  above  Tallulah  Falls,  the  river  has  a  fall  of  110  feet 
At  the  head  of  this  fall  the  bottom  widens  into  a  valley  whic 
appears  to  be  an  excellent  basin  for  storing  water.  Three  and  one 
fourth  miles  farther  upstream  at  an  unnamed  shoal  with  a  12-foc 
fall,  there  is  a  fair  site  for  a  dam.  The  bottom  is  rocky,  and  thei 
are  steep  hills  on  either  side. 

Five  miles  farther  upstream  is  a  shoal  with  a  25-foot  fall,  stee 
hills  on  either  side,  and  hard  rock  bottom.  Just  above  Denton  For 
is  a  23-foot  shoal  about  three-fourths  of  a  mile  long  where  there  : 
a  splendid  site  for  a  dam. 

The  fall  in  the  lower  Tallulah  below  the  falls  is  about  250  fee 
A  large  portion  of  this  fall  can  be  used  for  power  without  interferin 
with  the  resort  at  Tallulah  Falls.  By  installing  an  electrical  plar 
at  the  upper  end  of  Old  Valley  farm  a  good  power  could  be  obtainee 
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The  elevations  in  the  following  list  are  based  upon  the  elevation 
of  a  bronze  tablet  in  rock  70  feet  east  of  the  public  road  and  20 
feet  south  of  Tallulah  Falls,  station  marked  "  1569  Atlanta."  This 
elevation  is  accepted  as  1,568.302  feet  above  mean  sea  level  in  accord 
with  the  1903  adjustment  of  the  precise-level  net.  The  line  is  cor- 
rected to  accord  with  primary  work  at  mouth  of  river  and  at  Burton. 

The  leveling  was  done  in  1903,  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  O'Hagan,  levelman. 
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Elevations  on  TaUidah  River  from  motUhy  near  Tallulah  FaUsy  to  near  Bldockf  Oa. 


Distance. 

0.0 
.0 
.0 

.2 

.3 

.4 

.6 

.9 

1.3 

1.6 

1.7 

l.S 

2 

2.1 
2.2 
2.2 
2.25 


Junction  of  Chattooga  and  Tallulah  rivers,  surface  of  water 

100  feet  north  of  junction  rivers,  edge  of  river,  point  on  rock 

200  feet  north  of  junction  rivers,  west  side  of  Tugaloo  River,  gum 
tree,  nail  in  root  of 

Chattooga  River,  500  feet  north  of,  we.st  side  of  Tallulah  River,  nail 
in  root  of  oak  stump 

Surface  of  water 

Mouth  of  small  stream,  surface  of  water 

150  feet  west  of  river 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  wat^r 

Surface  of  water 

Foot  of  rapids,  surface  of  water 

Middle  of  rapids,  surface  of  water 

Head  of  rapids,  surface  of  water 

Foot  of  rapids,  surface  of  water 

Surface  of  water 


Elevation 
in  feet 


754 
761.29 

762.65 

769.46 

767 

782 

799.86 

818 

848 

878 

893 

911 

935 

944 

947 

954 

964 


*i 


2.3 
2.3S 

2.6 

^_a.65 

3/1 

a2 

3.4 

3.G 


3.6 


4.g 

4,9 

5.1 

6.5 

5.6 

5.6 

5 

6.5 

6.6 

7.3 

7.3 

a  4 


Foot  of  fimiii)  ftLlL^f,  surface  or  wator, 

Ft«it  of  mpi^Lt,  j^urf (we  nf  wiiU'r.  .,,,..*,._. .,......-,  — . , , 

3(X}  rL*et  Lm^Iqw  beiid«  tw?i^  4)f  rupidti,  aurf^oe  df  wmter . 

Burfibce  of  ws^tar,  «^., ,.>..............*...,.. -^- 

SuK&co  of  water,, *-,*,*.- ..-  .* 

BKd&l  Veil  Falls,  foot  of,  mtrfftcis  of  ir»tet. - , - . .  - 

Haad  of  falb,  ^urfftce  of  w»t«<r. 

Surface  of  water .*,.*.*.,,,.,,.,,,,,,,,»,-*,.. 

Oceana  FalU,  foot  of,  iuiftoe  <rf  w&ter.  „ - , 

HtKVkd  of  faUsn  aurfarfl  of  w»tfir,---- *--*, .-. ..  - 

Htirrii'^ue  Fttll«,  Umt  of,  Hurfaec  of  water^.. _  ., 

Hfmd  of  I  lurrifiinp  FftlU,  auff ato  of  water, 

TmnpmiA  Falk,  foot  of,  surf»it^  of  water, . , _ ,  _ . 

Tcmpoata  Fallft,  \u^d  of,  surfai?4j  of  water, , A  __ 

L*eau  d'or  Falls,  foot  of,  surfn^e  of  water 

Ueau  d*or  Faib^  he»d  of,  surface  of  water. . , _- 

Siirfaeo  of  wai«r ---,--,, w,,,,. - 

Surfai:*!  of  «'aler>. .-_,. , , - .-- 

Clay t4>n  Road  iron lugtiway  bridge,  sui^oe  of  water ... . 

TaUulah  VA\h  jttuMoiip  70  foot  t^iLSt  of  public  rood,  20  feet  Miuth  of 
st^jtion,  ill  rockt  bronzt^  talilet  marked  '*  1.56SI  Atlaiita*^ , , 

Tall  dab  Katb,  0  .^  niile  northea-^t  of;  at  forks  of  road,  50  f^l  south 
of  bridgi?  ovpr  river .._._,,._....................,.... 

Clayton  Road  iron  bigbway  bridge ,  0.5  mile  north  of  TalJulab  Falls, 
ffcH>r  of. 


Surface  of  water 

Opposite  stone  pier  railroad  bridge,  siiifaee  of  water . 

Surface  of  water. ^ 

On  ivck,  .surfttt'e  of  water. . _ . 

Foot  of  fall^>  surface  of  water . . 

Top  of  fallw^  .surfact'  of  water 

Surfftr^  of  water. _ 

Head  of  islftud,  surface  of  water. 

20  ftM}t  Vi^sl  of  Tallukb  Fiilli^  Railroad,  point  on  lop  of  rock 

Surfacti  of  wat^r. .., * . , , 

Surface  of  wat«r> .  * , , , , _ 

Surfac4>  of  water.  ,....,_.,...*..,_. , , . 

Surface  of  water. .................. .._,,.. 

150  fe(!l  eafit  of  rircrf  in  com^eldj  dead  appkt  tree,  nail  in  rrut  of, 

Surface  of  water , 

Surfofx^  of  waU^r. ,, 


9gl 

gs) 

m 
i,m 
i,m 
im 

iM 

1,074     ' 

i,24e 

1,322 
1,323 
1.350 
1.379 
l,39ei 
1,414 

l,56S.3f 

1,4^.9£ 

1,441.8^ 

s,4ig 

1,439 
1.448 
1,450 
1,4S6 
1,492 
1,509 
1,530 
1,538.2 

lp538 

1,553 

1,559 

1,579.2; 

1,569 

1,573 


EJevaJtions  an  TaUidah  River  from  nunUh,  near  TaUtdah  Falls ^  to  near  BkUoek,  Qa, — Cont'd. 


Dtetanoe 
inmileB.  ' 


8.6 

8.7 
8.7 
9.6 

9.6 
9.9 
10 
10.2 
10.4 
10.5 
10.6 
10.9 
11.8 
11.8 
12.1 
13.3 
13.3 
13.8 
13.8 
14.4 
14.5 
14.6 

15.6 
15.6 
16.2 
16.5 
16.6 
17.7 
18.4 
18.6 
18.6 
19.2 
2Q.6 
20.9 
21.4 
21.5 
21.5 
21.8 
21.9 


Surface  of  water 

65  feet  north  of  river,  in  cornfield,  walnut  tree,  nail  in  root  of. 
Surface  of  water 


Tiger  Creek,  on  point  of  land  between  river  and  creek,  burnt  poplar 
tree,  nail  in  side  of 


Elevation 
in  feet. 


Surface  of  water 

Surface  of  water 

5  feet  west  of  river,  in  footpath,  point  on  sharp  rock 

Surface  of  water 

Surface  of  water 

10  feet  west  of  river,  nail  in  root  of  beech  tree 

Surface  of  water 

Surface  of  water 

Crane  Ford,  150  feet  west  of,  apple  tree,  nail  in  root  of 

Surface  of  water * 

Surface  of  water 

Dockens  Ford,  12  feet  west  of  river,  nail  inside  of  dead  tree 

Surface  of  water 

Ellord  Ford,  150  feet  east  of,  at  bend  of,  poplar  tree,  nail  in  side  of. . , 

Surface  of  water 

Surface  of  water 

Surface  of  water 

I  Eden  Church,  150  feet  west  of,  150  feet  east  of  river,  nail  in  root  of 
I       large  red-oak  tree 

Taylor  Shoals,  10  feet  west  of  river,  middle  of,  point  on  large  flat  rock . 

Surface  of  water 

Surface  of  water 

I  Surface  of  water. 

Surface  of  water 

'  James  Smith  boat  landing,  2  feet  west  of  river,  nail  in  stump 

I  Fall  Creek,  mouth  of,  surface  of  water 

I  Jones  Ford,6  feet  south  of  river,8lan ting  persimmon  tree, nail  in  side  of 
,  Surface  of  water 

Flat  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Cliff  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Denton  Ford,  10  feet  west  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

Mouth  of  small  stream,  surface  of  water 

Seal  Creek,  mouth  of,  foot  of  double  shoals,  surface  of  water 


1,578 

1,589.25 

1,578 

1,590.30 

1,584 

1,589 

1 ,  dHO.  uU 

1,592 

1,596 

1,601.32 

1,600 

1,603 

1,620.33 

1,607 

1,610 

1,623.06 

1,615 

1,634.36 

1,621 

1,626 

1,628 

1,649.41 

1,644.90 

1,641 

1,648 

1,657 

1,657 

1,670.53 

1,669 

1,677.33 

1,674.6 

1,681 

1,687 

1,690 

1,697 

1,703.61 

1,701 

1,703 

1,704 


Ill  BmSH   SlTBVTtYS    ATTD   rROrtLM   OF   1903.  N»tt 

on  TaUulah  River  from  mmdk,  mitr  *rtiUtiiah  FixU^,  to  nuar  BlGloek,  Gn.—Qoait 


! 


i 


6 
22/7 
24 

24.  S 
25 
25/1 
25.1 

25.  fl 

25.  i\ 
Z%B 

26.  S 
26.3 
26.4 
27 

27-3 
27.3 
2g,2 
2g.2 
28,5 
28.5 
29,3 
29.5 
29.6 
30.1 
30.1 
30.1 
30.1 
30.2 

32,1 

32.1 

32  4 

32.7 

32,7 

33 

33,1 

33.2 


Surface  of  water ..^.. ...... ...«.,..*•«•... .. 

Middle  of  sboaU,  surf  nee  of  WAter.  ...**..*. v.. .....^.-.., 

Cww  Fordt  100  feel  aoutb  of,  10  feel  suutli  of  rivei-,  twin  liemlocic 
Ijee,  iiat!  in  rgol  of , ,-,..,,, ,,,,, 


Batftnv  of  wat«r..,,,,, „,,,,,,,  .,,,.,,.,,,.,*^ ............ 

ScarpL-ruw  Cttj^kt  iiiouth  of,  surface  of  water^  ,,...,.............* 

George  Crtwk,  mouth  of,  siirfaee  of  water ^,..ta«.. ....... ~— 

Bridge  thtwkj  mouth  of  ^  surfaee  of  water.  -..,-. 

Ill  jiliLMik,  surf at5(^  of  water ,.,-,,-,..,...,  ^ ..,,,  ^ , 

Ford*  BSurfiM?e  of  walpr. ,,,,.,......,,,,.,,,,,,.,,,.,_,.,., 

At  itljove  ford,  sscmth  rdgi*  of  rivmrt  point  «tt  rock. -,,,.,.,*,,  .»*.^ 

Kueky  Ford,  10  fw>l  noutti  of^  detul  hemlock  tieet  n&il  in  root  of .  . . 

Surf Afi^  (*f  wAt^r  .,,,..,,.,,,-,.,,*...-..,,-.*_-,,.-.....,-..  ^ 

Surf aix*  oC  water 

Ki^Quy  Creek ,  mouth  of,  surfare- of  water. ..,.,..* ,. -♦..,» ^  ..  . 

Fuller  Ford,  surface  of  waiter. . ,,,-,,.-.,,,....,-,... 

Fuller  Ford,  5(KJ  fet?t  northwest  of,  |>uiQt  on  tuck, . . , . , 

Surfnc.'e  of  water. *.*..••*.*,.*.... -. 

Caimou  Ford,  75  feet  aoutiiwact  of,  nail  in  root  nf  wbito  oilc -  ^ . . 

Surface  of  water ...,,. 

— —  Ford,  weftt  side  of,  nail  in  rtxil  of  red  gum  Iree.  _ 

Surface  of  waU^r ...... 

Wildcat  Crt*k,  50  feel  ^mthwcst  of^  west  side  of  road,  pomt  on  rock. 

Surfiwe  of  wat^T. 

Surfajce  cif  water _ _ . .  _ 

Surf*wT  of  water . . . , .  ^ . 

Dicks  (.reek,  Hurfac*  of  water , . . . .  ^  . , 

Burt-oii,  12  feet  mnithweiit  of  bridge,  n&d  m  mot  of  maple  fret*. . , , . . 

Floor  of  bridge. _ .... 

Surfafte  of  water 

H  igh-wftter  mark. . ....... 

Burttm,  1 ,000  feet  above  hridee,  15  feel  east  of  river,  10  feet  west  of 
road,  brtMiKc  tablet  marked  *' *'..,,.*...,_, 


12  feet  west  of  ford,  uail  in  aide  of  ai*h  tree, , 

Siirfttce  of  water ,, , ,.,.._. 

Sirrface  tif  water, ,.,.....,,  .,,,,^.,. ,_ 

Murford,  UK)  ft^ftt  south we^it  of,  nail  in  wejit  side  of  while-cwds  tree, . 

Surface  of  water _ , „ 

Rocky  F<jrd,  surface  of  water _ . . . . 

Shallow  Ford,  5tD  ft4«t  Houthciist  of^  in  road^  point  on  rock > . , . 

Surface  of  water 


HAU  AND 
HOTT. 


]  TtTGALOO   RIVER,  23 

EkmtioM  on  Tathdah  River  from  mouthf  near  TdUvlah  FaUs,  to  near  BkUockf  Qa. — Cont'd. 


DbtaQce 
in  miles. 


33.6 

33.6 

34.3 

35 

35.8 


Deep  Ford,  30  feet  south  of,  nail  in  side  of  sycamore  tree 

Surface  of  water 

Popcorn  Creek,  mouth  of,  surface  of  water 

Deep  Ford,  3  feet  east  of,  nail  in  side  of  beech  tree 

Persimmon  Creek,  75  feet  east  of  river,  30  feet  south  of  creek,  nail 
in  side  of  hickoiy  tree 


Elevation 
In  feet. 


1,842.39 
1,839 
1,849 
1,862.03 

1,881.67 


TUGALOO  RIVER  BELOW  TALLULAH  PALLS,  GA. 

Tugaloo  River,  which  flows  in  a  southeasterly  direction  between 
Georgia  and  South  Carolina,  is  a  continuation  of  Savannah  River, 
and  extends  from  the  mouth  of  Seneca  River  to  the  mouth  of  Chat- 
tooga River.  The  bed  of  the  stream  is  in  Georgia.  The  survey  of 
this  river  covered  a  distance  of  50  J  miles.  It  connected  with  the 
survey  of  Savannah  River  at  Anderson ville,  and  extended  past  the 
mouth  of  the  Chattooga  along  the  Tallulah  as  far  as  Tallulah  Falls. 
The  primary  levels  were  based  upon  the  United  States  Geological 
Survey  bench  mark  at  Parkesville,  Ga.  Nine  bench-mark  tablets 
and  64  temporary  bench  marks  were  established,  and  98  water-surface 
elevations  were  obtained.  The  plane-table  sheets  were  plotted  on 
a  scale  of  1 :  22,500  for  that  portion  of  the  survey  above  the  mouth 
of  the  Chattooga;  from  that  point  to  Owens  Shoals  the  scale  was 
1:45,000;  between  Owens  Shoals  and  Andersonville  it  was  1 :  22,500. 

From  the  head  of  the  Tugaloo  to  a  point  about  one  mile  above 
the  mouth  of  Panther  Creek  the  banks  are  very  steep,  but  are  not 
so  marked  as  along  the  Tallulah,  except  in  some  places  where  there 
is  a  cliff  on  one  side.  Below  the  point  above  mentioned  the  bottom 
is  from  one-fourth  to  three-fourths  mile  wide  in  most  places,  the 
soil  being  very  fertile  and  in  a  high  state  of  cultivation.  Cotton 
is  the  main  crop,  with  corn  next,  wheat,  rye,  sugar  cane,  etc.,  com- 
bined making  but  a  small  percentage  of  the  yield.  The  timber  is 
very  scattered. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  marked  **  1050  M.  C*  at  Washington  street  entrance  to  the 
State  capitol  at  Atlanta,  the  elevation  of  which  is  now  accepted 
as  1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  which 
these  levels  depend  is  a  bronze  tablet  at  north  side  of  east  entrance 
at  court-house  at  Clarksville,  Ga.,  marked  **  1373  Atlenta,''  the  eleva- 
tion of  which  is  accepted  as  1,371.991  feet  above  mean  sea  level, 
in  accord  with  the  1903  adjustment  of  the  precise-level  net. 


RIVKR   i^UKVEYB    AND   PROFILES    OF   mfc3. 


ti&m 


'The  leveling  was  done  in  1903  under  thfs  direction  of  Carroll  Call 
well,  field  aM8islaiitj  by  T*  B.  O'Hugan,  levehnan. 

All  pcrmanrnl  ben<*h  marks  are  marked  with  the  letters  '^Atlanfei'^ 
in  addition  to  tht>  figures  of  elevation. 


Miles  55 


50 


45        40        35         :iO        25         20         15         10 
Ftd.  3.— Profile  f)f  Tug^lcxi  River  below  Tallulali  F&11m«  0«, 


ElevaHons  from  OlarksvUUf  via  TumervUUt  to  TaBMh  FaXU^  Oa. 


Olarksville,  Habersham  County  court-house,  north  side  of  east  entrance,  bronze 
tablet  marked  **  1373  Atlanta  " 


Olarksville,  0.7  mile  southeast  of,  west  side  of  road,  nail  in  root  of  oak  tree. . 

Olarksville,  2  miles  east  of,  south  of  track,  nail  in  root  of  old  stump 

Olarksville,  1 .5  miles  east  of  station,  dogwood  tree,  nail  in  root  of 


Olarksville,  2.5  miles  east  of,  at  railroad  crossing,  south  of  track,  oak  tree,  nail 
in  root  of 


Olarksville,  4.5  miles  east  of,  oak  stump,  nail  in  root  of 

Olarksville,  6  miles  east  of,  nail  in  root  of  oak  tree 

Olarksville,  7.5  miles  east  of,  nail  in  root  of  oak  tree 

Tumerville  station,  30  feet  north  of,  nail  in  root  of  cottonwood  tree 

Tumerville,  1.9  miles  northeast  of,  south  of  track,  nail  in  root  of  oak  tree 

Tumerville,  3.2  miles  northeast  of  station,  nail  in  stump  of  gum  tree 

Tumerville,  4  miles  northeast  of,  at  road  crossing  east  of  track,  nail  in  root  of 
persimmon  tree 

Tallulah  Lodge,  40  feet  east  of  track,  nail  in  side  of  hickory  tree 


Elevatior 
feet 


Tallulah  Falls  station,  20  feet  south  of,  70  feet  east  of  public  road,  rock, 
bronze  tablet  marked  "  1569  Atlanta  " 


Tallulah  Falls,  0.5  mile  north  of  east  of,  at  forks  of  road,  50  feet  south  of 
bridge  over  river 


1,371. 
1,436. 
1,444 
1,457. 

1,419. 
1,440. 
1,513. 
1,475. 
1,542. 
1,590. 
1,588. 

1,612. 
1,605. 

1,568. 

1,457. 


levaiion  from  jxnnt  g  mUes  south  o/  TaMulah  Falls  south  doum  Tugaloo  and  Savannah  rivers 
to  mouth  of  Broad  River,  Lisbon,  Oa. 


Elevation  in 
feet. 


'urnerville,  32  miles  east  of  station,  nail  in  stump  of  gum  tree 

\imenrille,  4.3  miles  east  of,  nail  in  root  of  oak  tree 

\imerville,  4.4  miles  east  of,  nail  in  root  of  pine  tree 

umerville,  5.1  miles  east  of,  south  of  road,  point  on  rock 


1,588.65 

1,504.20 

1,386.10 

»79.72 


Elevations  on  Tugaloo  River  below  TaUulah  Falls. 


distance 
I  miles. 


0.0  :. 


.0 
.0 
.0 
.7 
.8 
2 
2 

2.1 
2.4 
2.8 
2.8 
2.9 
3.1 
4.4 
4.4 

5.3 

5.4 

5.4 

5.4 

6.3 

6.4 

7.4 

7.5 

8 

8.9 

8.9 
9.9 


Junction  of  Tallulah  and  Chattooea  rivers,  200  feet  northwest  of, 
gum  tree,  west  side  of  Tallulah  Kiver,  Jiail  in  root  of  gum  tree 

Junction  of  rivers,  100  feet  northwest  of;  edge  of  river,  point  on  rock. 

Junction  of  Tallulah  and  Chattooga  rivers,  water  surface 

Tugaloo  River,  head  of,  pine  tree,  nail  in  root  of 

Island,  head  of,  surface  of  water 

Surface  of  water 

Surface  of  water 

West  side  of  river,  point  on  rock , 

Surface  of  water 

Surface  of  water 

Hickory  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Small  stream,  mouth  of,  surface  of  water 

Panther  Creek,  mouth  of,  surface  of  water 


Elevation 
in  feet. 


Panther  Creek,  600  feet  south  of  mouth  and  50  feet  wast  of  river, 
west  edge  of  public  road,  in  large  rock,  bronze  tablet  marked  "715 
Atlanta" 


Surface  of  water 

Deaton  Ford,  surface  of  water 

Small  bridge,  surface  of  water 

Walnut  tree,  nail  in  root  of 

Surface  of  water 

Small  creek.  South  Carolina  side,  mouth  of,  surface  of  water 

Walnut  tree,  100  feet  west  of  river,  nail  in  root  of 

Small  boat  landing,  surface  of  water 

Big  John  Creek,  mouth  of,  surface  of  water 

Prather's  bridge,  100  feet  northwest  of  river  and  old  bridge,  cotton- 
wood  tree,  nail  in  side  of 

Surface  of  water 


James  Prather  homestead,  middle  step  front  entrance,  bronze  tablet 
marked  "728  Atlanta" 


762.65 

761.29 

754 

728.86 

723 

711 

698 

698.79 

690 

686 

690.51 

684 

681 

674 


713.793 

667 

666 

664 

676.45 

659 

65.5 

664.87 

652 

650 

659.02 
648 

726.87 


26 


TIIVEB  SUKVEYS   AWD   PROFILES   OF   1903. 
Ekt)atlom  on  Tugatiyo  HliJur  htflom  TcU'ulak  F&Ua — Continued. 


lM.m1 


Dbl«ti£ie 
InmOea. 


Sbc«Liii}  motith  of ^  sutI aee  of  wat^r ^..^ . .. 

Smface  of  wat^r. . .,.. - 

Af^la  tfeet  600  feet  weal  oi  fiver,  nalj  in  root  oL ......... .. 

Sineani,  mouth  of,  surface  of  wntir ^.._ 

Gum  tree,  10  feet  west  of  river,  nail  in  root  of . . .. 

Gum  tree,  west  edge  of  river,  uaU  in  root  of, 

Toccoa  CrecJc,  mouth  of,  nurfftce  of  watef . . . 

Jftirett  Bridge,  surfuci^  of  water  (during  fiood  Mux.  21,  lfK£i). 

Water  oak  tree,  4  f^ot  e«at  of  river,  nail  in  root  of. 

Walnut  tree,  50  feet  weat  of  rmilroad  hrid§^,nail  in  root  of . « . . 


Railroad  h  ridge  croaaiug  Tki^oa  Kiveri  w^  abutuient,  hmniBe 
tablet  marked  "666  Atlanta**. , ,, 


Sifeam,  mouth  of,  surface  of  water.  ....«..* ... 

'  fitveamt  mouth  of,  isurface  of  water; ^ . . . 

||f  cainore  irpt\  HO  feot  w>uth  of  Hver,  iiail  in  loot  of. 

Stigaini  month  of,  surface  of  water 

fli  IM  en^i  of  river,  UrdU  tav*,  oaU  m  root  af ...... . 

SuifiM^  of  waU^f . ...»...«.. ....,,.. 


22 

22 

22 

22.3 

22.4 

22.  t^ 

23.2 

24.5 

24.5 

25.1 

26w7 


90O  feet  east  of  ooantj  road^  100  feet  wml  id  rivnr,  walnut  titse,  nail 
in  root  of _,,,.,,,,.. ,.. 

Saw  tnilL,  mouth  of  stream  oppoBJle,  surface  of  water 

Walnut  tree,  nail  in  root  of. 

Stream,  mouth  of  j  surface  of  water. 

Swain p  bush,  3  feet  northwest  of  river^  nail  in  top  of. 

Ru4^k  Creek,  10  feet  j^uth  of,  walnut  tree,  nail  tn  root  of ....... 

Surfati^e  of  water. ...,.., 


6513$ 
641 
6ai 
642  JO 

mk^ 

m^^ 

m 

m 

541. o» 
637 
546,  VI 


I 


Jenkins  Ferry,  400  feet  northwest  of,  20O  feet  west  of  river,  i 
trt*e,  niii)  iti  root  of. , , . 


alnut 


W.  J.  J'iTkius  huniPiiteadt  north  wide  of  houi^e,  in  t^iimney,  2  feet  ,' 
rtU>vo  gruttnd,  brt>n^^  tahlet  tiiarked  *'732  .Vtiiiota*'. .......,,., 

Surf  ac(*  (if  water.  .._....^......^. , 

High  wal<M ..,.-,.,,... 

Streaju ,  iiiuuth  of,  i^urfuee  of  water. ,.. 

Walnut  trfH*,  naiL  in  stuuip. ...................... 

Walnut  f  n?e,  40  f**et  west  of  river,  nail  in  nxrt  of. 

Birt'h  trt*e,  ijn  **dge  of  sniiiU  stn^um,  nait  in  ro*.it  of 

Surf ar^  of  water. . ... 

Stntil]  tn»r,  4  feet  west  of  river,  nail  in  root  of. 

Surf aeo  of  water. 

Pine  tttH',  .W  feet  west  of  river,  nail  in  root  of . .  ^ 

Surface  of  wak^r,  * _..... 

a  The  above  l8  on  a  single  spur  line. 


54iiiBl 

632 

647.6^ 

fl3U 

634,^ 

640.;^^ 

624 

63s.tc:^ 

«730.7&^ 
634 


635.56 

634.32 

629.55 

618 

619. 47 

616 

025.12 

614 


"iivx!"^]  TUGALOO    RIVER. 

Elevations  on  Tugaloo  River  below  TaUuIah  Falls — Continued. 


27 


E>ist«nce  i 

in  miles.  I 


Elevation 
in  feet. 


26.1 

26.3  I 

27.6 

27.6 

27.9 

28.1 

29.1 

29.3 

29.3 
29.3 

30.1 
30.3 
30.3 
30.4 
30.4 
31.8 
32.3 
32.4 
33.1 
33.6 

33.6 

33.6 

34.3  I 

34.3  I 

35.3 

35.3 

35.4 

36.1 

36.5 

37.5 

37.8 

37.8 
38.4 
39.6 
39.6 
39.8 


Old  stump,  41  feet  west  of  river,  nail  in 

Head  of  Shelor  Shoals,  surface  of  water. 

Walnut  tree,  10  feet  north  of  river,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Large  creek,  mouth  of,  surface  of  water 

Pine  tree,  5  feet  northeast  of  river,  nail  in  top  of. . 


Shelor  Ferry,  water  oak  tree,  10  feet  northeast  of  river,  nail  in 
root  of 


Surface  of  water 

Shelor  Ferrv,  0.3  mile  southwest  of;  100  feet  northwest  of  I.  E. 
Martin's  nouse,  10  feet  north  of  road,  in  lai^  rock,  bronze  tablet 
marked  "630  Atlanta" 


Stream,  mouth  of,  surface  of  water 

Sycamore  tree,  10  feet  north  of  river,  nail  in  root  of 

Mouth  of  stream,  near  bend  in  river,  surface  of  water. . . 
Water  oak  stump,  10  feet  north  of  river,  nail  in  root  of. 

Surface  of  water 

Gum  Log  Creek,  mouth  of,  surface  of  water 

Near  Middle  Branch,  apple  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 


Knox  Bridge,  100  feet  west  of,  in  fork  of  road,  maple  tree,  nail  in 
root  of 


Knox  Bridge,  200  feet  west  of  S.  A.  Glenn's  house,  in  chimney, 
bronze  tablet  marked  **  613  Atlanta  " 


Surface  of  water 

Surface  of  water -^.^. , 

25  feet  northwest  of  Shoal  Creek,  dead  stump,  nail  in  top  of. 

Shoal  Creek,  mouth  of,  surface  of  water 

Pine  stump,  200  feet  north  of  river,  nail  in  top  of 

Knox  Branch,  mouth  of,  surface  of  water 

Oak  tree,  900  feet  north  of  river,  nail  in  root  of 

Burton  Branch,  mouth  of,  surface  of  water 

South  side  of  river,  point  on  bottom  of  cliff 


Pullins  Ferry,  250  feet  south  of,  10  feet  north  of  road,  red  oak  tree, 
nail  in  root  of 

Pullins  Ferry,  surface  of  water 

Cleveland  Shoals,  head  of,  surface  of  water 

Averys  Ferry,  sycamore  tree  10  feet  north  of  river,  nail  in  root  of  . . 

Foot  of  shoals,  surface  of  water 

Bottom  of  cliff,  2  feet  south  of  river,  point  on  rock 


615. 42 

610 

614.54 

607 

605 

604 

623.27 

606.46 
600 

628. 875 

599 

601.17 

597 

598.10 

595 

592 

597.79 

590 

588 

602.73 

612. 241 

588 

587 

598.34 

586 

601.72 

586 

501.83 

582 

588.07 

596.59 

581 

578 

584.36 

578 

581.95 


RIVKR   SURVEYS    AND    FROFlL>:S    f»F    14*03. 
Ektmtiiyn*  on  Tuijaloo  River  hdtrm  TaUiilah  FMi — Coatmuc^. 


IwiaM 


m8 


AvervH  Vv-rry,  20  fw^t  «mlli  of  rivor,  top  d"  cltff,  in  mck,  brontr 
Uf»lf't  nmrkc-d  "'  ^SH  Atlanf  a  '\  , __..._, , 


Bf»dlwrrTs  Ferry ,  wjilntJt  lti*c  lOO  f<*el  south  of  riv*?r,  nail  in  roat  of* . 

Qmndlf ra  Shtuikt  head  i>f ,  siirffti-*!  of  wiitftr  _..._... . . . . . , 

Boitiirti  of  cJiff,  I  foot  t«cmlU  of  rivf*r,  point  on  rot^lc.  ,....,....**. 

Beech  tiw^  I  ffKjf.  3iJUth  rif  rivfir,  niul  m  rofil  oL  -...__..__ , 

Burf i€c^  of  Wttter. ,-,.».,,^. .,.,,,»,»>,,, ,.,,,_,, ^,,,.,, 

Rcpd  Ctt*i>lct  mmith  nf ,  surfarp  of  wafer. . ^.  -..-..._*.* ^ ,,.. . 

F«ot  of  C}iiuKl]<.'n!i  8lRiul^+  Hi  J  rfato  of  wat«r  .,,.,».,,**,,,.*,.,*,* 
Rtvil  Crwk,  ilOO  fret  ejwt  df  JO  fetU  south  of  river,  ndl  in  slnitip , . 

Btmt  Ittiidinjt:*  tnrt^li  t  rtn? ,  nail  in  root  of .,,.,,,,,,,♦.*.,,,.,  , 

Ilfttton  Sh*mK  bend  of,  surf  are  of  water.  - , . .  ^  ^ , . 

Nortli  iMJi^i^  (if  livHr,  F.  (.'lark's  bousr^  1*000  fevt  aouUi  of,  luul  in 

root  of  iimplfi  t  riH*.  .,.,.^*,**.*  *^*,,,,„ ,,, , _. 

Surfm?**  of  wftler. ,  - .  . , , . . . , * .  - . , 

Big  Beavertiaiti  Crt«sk,  25  feet  eaat  of^  nail  in  root  of  beeeh  tree. . .  _ . 

Siirfjtn"  of  whI fi' ....,_.,__..,,,.,,.,, ,,,.,.,,......  ^ 

Larj«i;  pint*  tnnv  25  fpot  en3t  of  sinaJi  strs^am,  S  feet  north  of  river, 
nail  in  root  of *......-,..,*.... ^ ....  ^ .....  ^ .........  . 

Surfnec  of  water . 

Halt  oil  Ford,  ^K>ttora  of  eliff ,  point  on  rock .,,..,* 

Surface  of  water ......,...,,.. , . 

Mont  h  of  branch,  surfaee  of  wateir. * . .  _ 

Mou  th  of  bnincb  *  twirfaep  of  water .....,, , , 

Water  oak  tree,  30  feet  northeast  of  rivor,  nail  in  root  of ,^  J 

Beech  tree^  IS  feet  east  of  river,  naU  in  root  of -  ,  . 

Surf at?e  of  water 

Bunit  »lunip,  -10  feet  east  of  river,  dill  in  top  of. 

Burfacc  of  water. , .... 

Anderstonville,  S*  C.^  05  mile  Dorlh  of,  twin  beech  tree  15  feel  north 

of  river,  nail  in  pocH  of , , , 


£lin»ti«t 


Mouth  of  hram-b,  surface  of  wati^r, ..,-,.. *,.,.,, 

Fiiot  of  rapids,  aurfai^e  of  water ,...*,„* 

Anderson vilkp  S.  C.,  eaKt  nide  of  raad,  20O  feet  east  of  river,  north* 
ireat  of  little  Broadway  Creek,  in  rock,  bronxe  tablet  marked 
"536  Allanta  "............, _ . 

** Brouris ' '  Feri^" ,  surfiwx'  of  water . , . . 

20  feet  west  of  river,  point  on  rock*. . . . . , 
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AVANNAH  RIVER  FROM  ANDERSONVILLE,  S.  C,  TO  LISBON,  GA. 

Savannah  River,  which  flows  between  Georgia  and  South  Carolina, 
i  formed  by  the  junction  of  Seneca  and  Tugaloo  rivers  at  Ander- 
onviDe,  Anderson  County,  S.  C.  Tugaloo  River  is  in  turn  formed 
►y  the  junction  of  Tallulah  and  Chattooga  rivers  at  a  point  about  3 
niles  below  Tallulah  Falls,  Georgia. 

Savannah  River  proper  flows  in  a  southeasterly  direction  through 
k  rather  hilly  country,  which  is  chiefly  devoted  to  the  production  of 
cotton  and  com.  On  the  lowlands  these  crops  are  sometimes  dam- 
aged by  high  water.  The  river  contains  many  small  islands,  some 
>f  which  are  in  a  high  state  of  cultivation. 

During  April  and  May,  1903,  a  survey  of  Savannah  River  between 
Andersonville,  S.  C,  and  the  mouth  of  Broad  River,  near  Lisbon,  Ga., 
a  distance  of  42  miles,  was  made  by  Carroll  Caldwell,  field  assistant. 
In  the  above  distance  there  is  a  fall  of  219  feet.  The  primary  levels 
for  this  survey  were  based  on  the  United  States  Geological  Survey 
bench  mark  at  Andersonville,  S.  C.  Field  sheets  were  plotted  on 
the  scale  of  1 :  22,500,  and  during  the  course  of  the  survey  7  tablets 
md  62  temporary  bench  marks  were  established,  91  water-surface 
Jlevations  determined,  and  the  following  possible  powers  noted. 

The  first  shoal  of  importance  is  the  McDaniels  Shoal,  where  there 
3  a  fall  of  19  feet  in  2 J  miles.  Half  a  mile  above  the  foot  of  the 
hoal  and  at  the  head  of  Harpei;  Island  is  an  excellent  site  for  a 
am  about  700  feet  long. 

At  Turners  Shoals  there  is  a  fall  of  17  feet  in  about  2i  miles.  These 
loals  begin  at  Kenly  Ferry  and  extend  to  Craft  Ferry.  The  river 
idens  considerably  about  a  mile  below  Kenly  Ferry  and  has  several 
:>od  sites,  one  being  on  Craft  Island.  These  shoals  could  be  devel- 
ped  only  at  considerable  expense,  as  a  dam  would  have  to  be  1,000 
^et  long. 

Half  a  mile  below,  the  Middleton  Shoals  have  a  fall  of  1 1  feet  in 
J  miles  and  offer  an  excellent  site  for  a  dam.  The  bottoms  and 
ides  are  of  rock. 

One  mile  below  are  Gregg  Shoals  with  a  7-foot  fall  in  about  a 
aile.  Here  the  river  runs  between  steep  hills  and  a  dam  would 
>e  about  900  feet  long. 

Half  a  mile  below  Moseley  Ferry  are  the  Cherokee  Shoals,  having 
L  fall  of  18.9  feet  in  less  than  3  miles.  This  is  a  very  fine  power  site, 
18  the  river  runs  between  steep  hills.  A  dam  would  be  about  1,000 
'eet  long  and  would  be  placed  one-fourth  of  a  mile  above  the  Seaboard 
^ir  Line  bridge. 

One  and  one-fourth  miles  below  the  bridge  are  Trotters  Shoals  with 
a  fall  of  69  feet  in  6  miles.     These  are  considered  the  finest  shoals 


80 
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Iw*,  MS 


gn  the  river.  They  commence  at  the  foot  of  Watkiiii^  Island  and 
nm  below  Tates  mill  to  Coffee  Creek.  In  this  distance  there  are 
numerous  rocky  bluffs  where  there  are  excellent  riam  sites. 

From  the  foot  of  Trottern  ShouLs  to  the  mouth  of  Broad  KivtT. 
the  end  of  the  erurv^ey,  there  is  a  uniform  fall  of  3  feet  per  mile. 

Eki^tiom  <m  Savannah  Rit^  Irftm  Ar^t^m^mnlkt  S^€*th  Li^tm,  Qa.^ 


51.4 


53.3 


And**r>M»(ivillis  S.  ('.,  iMist  si  dp  nf  nmd,  SI)  fet*t  cnwt  uf  rivrr,  m*r1tn?ft*Tt 
of  Liule  Broad  way  Crh^Is.  briinz^'  tabJet  marked  ''  538  Atknta  ". , . 

Seijoc*  River,  TiK}uth  af ^  surface  of  water , ,  -  - , . 

Snirtll  fjirvt'  t n't\  nai I  in  A>ot  nf ** .-*..,*-.-.,.•** 

Bmiit.4i,  juou 111  uf »  surfaci*  of  waU*r, ., 

Bycumni^  tWMn  on  edj^**  of  braocb  and  river,  uni\  in  nnit  of * . , . 

Crw?k,  itioulli  of  J  «urfiu*o  of  water, , . , . ♦ 

(>ppo»iti>  uilftHfl,  50  hvl  west  of  river,  wilkm-  stump,  nail  In  Uxfi  nf . 

Bnuich,  nioulh  of ^  surface  of  water, , .,- ^ . 

In  foot  pat  h»  10  it^i  weal  of  river,  \ntgp  nnl  cmk  trt^e^  nai]  in  root  ilf_ 

Light wf«3d  Ltig  t^ek,  MX)  feet  wr^t  of  river,  tripple  water  oak  U«e. 

Cartels  Ferry^  tiurrajt?e  of  water , ,,,,,,.,.. ^  - 

h\k^\  watpr. , , -  _ , , , . - 

Light  \\<M)d  Ijug  Creek,  mouth  of,  nurfaee  nf  water , , , 

eO  feet  west  of  Hver,  largo  walnut  tive,  nail  in  root  of 

Bmwns  Ferry,  40  ft*t  w^t  of,  double  water  oak  tree,  irnil  in  twit  of. 

Surface  of  wat«r .,,.,,, .,,,._.,,,, **.,., . 

High  water.. ,, ,, .,,- ^ .. . 

Browns  Feny,  1,200  feet  northeaat  of  O.C.  Brown's  houwi%  in  hriek 
and  st^ne  abulnitvnt  ut  rear  of,  northwest  eorner,  bronze  t4ihlet 
marked  '*  518  Atlanta  "  . , , ,  _ , , 

Powdt^rhag  Creek,  [iiouth  of,  surface  of  water, , , , 

Creek,  520  ff*et  south  of,  30  feet  west  of  river,  lx>x  elder  tree,  nail  in 
root  of , ^  .-_.......,, . 

Dooley  Ferry,  114  feet  west  of  river,  poplar  tree,  nail  in  rxmt  nf, , . 

SurfaiT  nf  wntcr _,,,,,,-,,........,.»...-.... . . .  _ . 

Craft  Island,  opposite,  hanging  over  edge  of  river,  maple  tree^naiL . 
in  root  of.^,, ..  _,  .^ ..,...., ,..,.,,,,,.. 


El«v»tiffli 
infect 


Surfnct'  of  w*ater, ,....,,..,,,...» . . , _ 

Long  nrHn(*h^  mouth  of,  surface  of  water , , 

30  feet  south  of  rtver,  lai^  poplar  tree,  nai)  in  ti>oi  of 

Surfacf!  of  water. .  ^. , , , . 

Me  Dowel  Is  Shoak,  head  of.  surface  of  water . . . , . , 

High-water  mark ,  * , 

70  feet  tiouihweflt  of  river,  pine  tree,  nail  in  root  of 

Surface  of  water 

a  Continued  from  Tugaloo  River  elevations.    See  p.  29. 
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.Macon,  Ga. 


ly Taylor  Shoals 


Caratarph' m  dam,  6  ft: 


1  Juliette 


o 


iRR  115— a'h 


^Lams|r  dam,  5  ft. 
\Gilei8  Ferry.  Dam, 


Lloyd  Shoals 


Junction  with 
Junction  with 


dam,  8  ft. 


^Island  Shoal^.  Dam,  3  ft. 
Snapping 


PeachstoQe  Shoals. 
2  ft. 


ft. 


A  Icovy  River 
STellow  River 


{ Ihoals 


Simm  i  dam,  2  ft. 


Albe  't  Shoals 


Fht  Shoals 


riakedam,  6  ft 


Southern  Ry. 

bridge  at 

I  Comtitotion.Qa. 


o 
o 


CI 
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Feet  above  mean  sea  level 
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Klevaiiona  on  Savannah  River  from  AndersonviUe,  S.  C,  to  Lisbonj  Oa. — Continued. 


Distance 
inmilos. 


Elevation 
in  feet. 


57.3 
57.3 
57.5 
57.5 

58 

58.7 
59.1 

59.3 
59.3 
59.5 
60.5 
60.5 
60.8 
60.8 
60.9 
60.9 
61.5 

61.5 
62.3 

62.3 
62.4 
62.5 
64.2 
64.3 
65.8 
65.9 
66.2 
66.2 
66.9 
66.9 
66.9 

66.9 
68.1 
68.5 

68.5 
68.7 


Turner  Creek,  mouth  of,  southwest  of  river,  birch  tree,  nail  in  root  of. 

Surface  of  water 

20  feet  southwest  of  river,  birch  tree,  nail  in  root  of 

Surface  of  water 

Harper  Island,  0.1  mile  west  of,  red  oak  tree  bonding  over  edge  of 
river,  nail  in  root  of 

Surface  of  water 

Parks  Ferry,  0.2  mile  above,  west  side  of  ferry  road,  opposite  colored 
house,  foot  of  steep  hill,  in  cliff,  bronze  tablet  marked  'M95 
Atlanta" 

Parks  Ferry,  15  feet  west  of  river,  lai^e  red  oak  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Mulberry  tree  stump,  west  side  of  river,  nail  in  root  of 

Surface  of  water 

Saddlers  Old  Ferry,  40  feet  west  of  river,  rock  cliff,  point  on  rock. 

Surface  of  water 

60  feet  south  of  river,  hickory  tree,  nail  in  root  of 

Surface  of  water 

Cedar  Creek,  500  feet  north  of  river,  large  black  oak  tree,  nail  in 
root  of 

Cedar  Creek,  mouth  of,  surface  of  water 

Kinleys  Ferry,  0.1  mile  southwest  of;  10  feet  west  of  river,  white 
ash  tree,  nail  in  root  of 

Surface  of  water , 

Turners  Shoals,  head  of,  surface  of  water 

McMullins  Branch,  mouth  of,  surface  of  wat«r , 

50  feet  south  of  river,  small  hickory  tree,  nail  in  root  of , 

Shoals,  surface  of  water 

200  feet  west  of  river,  black  oak  tree,  nail  in  root  of 

Surface  of  water 

25  feet  west  of  river,  black  oak  tree,  nail  in  root  of 

Surface  of  wat<jr 

Craft  Ferry,  10  feet  west  of  river,  red  oak  tree,  nail  in  joot  of 

Creek,  mouth  of,  surface  of  wat<?r 

Craft  Ferry,  125  feet  west  of  boat  landing,  60  feet  west  of  river,  in 
rock,  aluminum  tablet  marked  "  450  Atlanta" 

Foot  of  Turners  Shoals,  surface  of  water 

Middleton  Shoals,  head  of,  surface  of  water 

Barnes  Island,  opposite,  125  feet  west  of  river,  small  black  oak  tree, 
nail  in  root  of 

Surface  of  water 

300  feet  west  of  river,  on  top  of  cliff,  dogwood  tree,  nail  in  root  of 
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453 

450 

456.55 

450 

459.62 

443 

445.80 

440 

443.67 

437 

449.306 

437 

435 

443.11 
431 
457. 46 
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♦^    -  EkmtmiM  Qn  Sovaimah  Biver  from  AiidcrrnnmS^^  8.  U.,  to  Liahant  (?a, — Coolitiutiil 


la  mi]»^ 


68.5 
.69.8 

70.9 
71 

73.  J 
73.7 
78.7 
-  73.  H 
74,3 

75,8 
76.2 

76.2 
76.2 
76.4 

77 
77.3 

77.3 
77.3 

n.6 

78,1 
78. 4 

78.4 
78.9 
79.2 
7B.2 
79.6 
79-6 
80.5 
iO.8 


W*.^  ed^  of  livtT;  willow  stimipj  nail  in  ruat  of. .,.* -.--, 

Middloton  Sho&kj  foot  of^  surfiice  of  water««^  .. « « . .  ..«««*Mto^#  ^ 
20  f(*ct  wt!s*t  of  river,  pitni-oikk  tivc,  nflil  in  root  of.- , , , ,  1 , ,  . .  T, » 
Powdla  Ferry ^  20  feet  we^^t  of  river^  water  oak  troe,  natl  in  root  <sF. 

Powells  Feny,  suefttice  of  watflr,  ,,* ,,-.,,,,,, ,-,. 

Surface  of  WAl«r , . 


PowQtk  Fen7,  O.S  mile  south  of,  150  fe^st  west  of  river,  white  ft^ 

Btob^  Uftil  lu  top  of , , 


Gregg  Shottbj  he«d  of ^  buHimxi  of  wikt^^r 

Bkek  Fenyp  25  feet  waet  of  tbmt^  tudl  m  root  of  bipob  ttoe. . 

Black  FerT> ,  suiiiGa  of  wit«r —  ...,...,, 

3*^  feet  emit  of  tiviir,  doUgtm  burnt  tt«e  $tumPt  W^lio  1^  ^ 

Cre^,  mouth  of,  surfu^of  wiittrf. .,«.., .k*....*..,.^^^ . 

3ii(J  fwt  i?jist  of  riveft  ijcnaioinion  tn*  stump,  lUkO  in  root  o? . . 

Bmiicli )  riKdith  of,  HUff iw.'e  of  Wfti^r.  v , .  * , .  v . . .  * .  ^  ^  ^  ^  ^  _  -  . ,  * , . . 

MiU,  opposite,  surface  of  wjUcr.,,..., ,,..-.. 

GoM wHt^^r  CjtMi'k,  iniiutli  of,  mirfftot  cll|||fit« ,.-.._ ,  - , 

350  fecit  (<iiijt  of  river,  140  feet  ioutiraiflMi^QikU  b^iIK^h^|en4l1l|llQ|L 
treo,  niul  Id  mot  ol....^..^,.,-.,-,.. ,•,.,.. ,.,,., »..,..,,,«, 

Alk^iits  Ctvfk,  liiouth  of,  »urftice  of  water. ,  _ . . . 


IInqxT  Ferry,  20  fe<*t  casit  of  river,  soutlurtde  of  nmd,  water  oak 
tree ,  nail  in  root  of,  * ,..*,..,**_,.,*,****._*,.,._ 


Surfat^e  of  w  ator,  *,.,*.,*.*.-.-*,--.,.,. ..,...-. 

High*water  mark.  .*,.,-. .,..,.<. *, .,*. __, 

250  feet  Bouthooist  of  W.  J.  Taylor'ii  houi^,  sUie  of  brook,  in  liino- 
utone  rock,  bronze  tiihle!.  marked  *'  -120  Atlanta  ".. -  .^  ** , 

Branch,  inoutli  of,  surface  of  wat4>r. 

Ruckers  and  Tnckera  Ferry,  10  f(^et  iiouthea.st  of  and  5  feet  wesit  of 
river,  willow  t  rcc^  nail  in  side  of. _ , 

Surface  of  water * 

Higb-water  mark ., ._,.._ ,,_.,_.,_ _*_., . 

Surface  of  wakT. ,.-. ._... ,-,,.--..,--•. .>-. 

Surface  of  water., ,...,.. .,.,, 

English  Creeks  60  feet  west  of,  50  ftHit  north  of  riv(5r,  whtU?  hickory 
stump,  nail  in  root  of... .....^..^ ,.,....  ,,,..*^,. 

Englisli  Cn?ek,  mouth  tjf ,  suff aee  of  wal^r. ,.,...,,.^ 

MtCauleya  Island,  900  feet  south  of  head  of,  surface  of  water 

MeCiiuleys  Ferry,  40  feet  west  of  rivet,  ash  stump,  nail  in  root  of_ . 

Surface  ot  water, ..,*..... . _. 

Surface  of  water *.,,, ,^, 

150  feet  north  of  river,  beech  tree,  nail  in  root  of. ............... , 

Branch,  mouth  of,  surface  of  wat^r ..,,.*.*.,, 

Surface  of  water ,_, ^. 


42S,m 

m 

w.n 
m 

An 

4m«^ 

us  7 

mM 

410.3 
431.  CH. 

4ia3 

407 
40& 
406 

41139 
401 

412/2ft 

403 

41d 

419. 14^ 
402 

405.49 
401 
418 
400 


417. 13 

398 

397 

407.19 

3117 

39r> 

4(17.39 

395 

^4 


ALL  AN1> 
HOYT. 
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ElevaiiaM  on  Savannah  River  from  AnderaonvUUf  S.C.^to  Luhon,  Oa. — Continued. 


Distance 
In  miles. 


Elevation 
in  feet. 


80.8 

81 

81 

81.3 

81.6 

81.7 

81.8 

81.9 

82.6 

82.6 

83.2 

83.3 

83.5 
83.7 
84.2 
84.2 

85.1 

85.2 

85.2 

85.5 

85.7 

85.9 

86 

86.2 

86.3 

86.3 

86.6 

86.6 

87.1 

87.1 
87.5 
87.6 
88.1 
88.3 
88.6 

88.9 
80.2 


50  feet  east  of  river,  walnut  tree,  nail  in  root  of 

Moseley  Feny,  50  feet  east  of  river,  walnut  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Large  falls,  head  of,  surface  of  water 

50  feet  east  of  river,  twin  pine  trpc,  nail  in  root  of 

Cherokee  Shoals,  surface  of  water 

Surface  of  water 

125  feet  east  of  river,  oak  tree,  nail  in  root  of 

Surface  of  water 


Carter  Island,  feny,  40  feet  west'  of  river,  white  oak  tree,  nail  in 
root  of 


Surface  of  water 

Rocky  River,  mouth  of,  surface  of  water. 
Surface  of  water 


Seaboard  Air  line  bridge,  abutment,  east  side  of  bridge,  bronze 
tablet  marked  "383  AtlanU" 


Watkins  Island,  lower  end  of,  15  feet  north  of  river,  oak  tree,  nail 
in  root  of , 


Watkins  Island,  150  feet  southwest  of,  on  mainland,  dead  stump, 
nail  in  side  of 


Trotter's  shoals,  head  of,  surface  of  water 

Shoals,  surface  of  water 

Head  of  island,  surface  of  water 

Surface  of  water 

75  feet  west  of  river,  nail  in  stub 

Calhoun  Island,  end  of,  surface  of  water 

60  feet  southwest  of  river,  black  ash  tree,  nail  in  root  of. 

Trotters  Shoals,  in,  surface  of  water 

Surface  of  water 

Cliff,  bottom  of,  on  rock,  point 


Calhoun  Ferry,  triple  c^dar  tree,  75  feet  west  of  river,  nail  in 
root  of 


Surface  of  water 

Surface  of  water 

50  feet  southwest  of  river,  in  path,  pine  tree,  nail  in  root  of 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 


10  feet  southeast  of  road,  Spanish  oak,  400  feet  wc«t  of  river,  nail 
in  root  of  tree 

Surface  of  water 

Surface  of  water 


398.77 

400 

392 

392 

391 

390 

399.23 

388 

379 

385.75 

374 

382.52 
373 
372 
371 

382.161 

375.7 

374.50 

367 

364 

362 

358 

367.4 

356 

365. 01 

3r>3 

351 

354.27 

34S.  39 

340 

3:«3 

841.32 

329.7 

32S   . 

a-js.ei 

325 
322 
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l£i  in  dm. 


I     tnlsl 


m,2 

m.i 

89.7 

90.2 
90,3 

90  a 
90,4 
HIJj 

m.a 

9KH 
92.3 

92*8 

98  7 
911.9 
94.2 
96.1 
9^1.1 
96.2 
93.4 


200  f«ot  west  of  rirer,  on  top  of  f^lpcp  hill^  in  footpatlif  hickory  treet  , 
nail  in  root  of,  ..*,..,**,.».*,.,,. , 

C-tilJiotjn  Fr*rrv.2..'>  rfiili*«  sutitln'iust  rtf.SO  fe(*t  west  of  river,  bi  laqge  | 
Uransse  toblei  innrkot)  '' 3^  AlJatita ".,...* *^ * 


Sarfiw^*  of  wal*r, --,.,*-- ^--—.•---,.^... 

Silrfiirt'  riif  M'Btcr, ,,,, *,,*,-* ,_,^. 

Siirfrti'fi  iif  Wwt^r^ , - . ,  . .  * .....>.*»..... 

Sarfuwv  of  wnUir - .*^.*.. . * 

10  ft^i^t  ^%t^Ht,  of  tiv&r^  300  fo#t  nortb  of  old  mitU  w»t«r  o«^k,  rnttl  in 
riK*l  of  ,.,.,,,,.,..*, , ,,,.,*,., , _  - ,  — .  - 

Surface  ot  water .,.....,,.>..............^.».«..<. ........... 

BurfiM^  of  wftt4^r,, ,..,,,..,..,, ^ ,,  .-^...  — --.  i%.,**  **..*. 

Dmridi ,  mouth  of^  mirf te^  of  wfttor . ..... .^ ^ . . . 

10  fiH?t  wi'st  of  TWi^r,  d»iu]  Nrch  Ifiw,  nftil  in  ttxit  of^ ..--_.»__.., . 

Surfnro  of  wntnr ..*.*......... .^... 

Ori*ok,  Hurfm't^  of  wal^r-..--., -.., ..._,...^,*- 

Clupks  Ff*rrj,  200  f*^>t  wiest  of  river,  water  oftk,  «>pj»r  t«ck  in  mol , , 

Surf iiey  tjf  wiAU?r ,  * . , , „ ,*..,, | 

Migh-wiiUT  mark ,.,  r .  ^ ............  ^  _.,_ I 

Onwk,  ]  ,.tOO  fwit  l«*bw,  mirfwp  of  wttw. _ J 

9.)  fwL  vfi'sX  t»f  rivtir,  j^uin  tri>©,  copp<>r  tjwik  in  sido  of 

Surfttce  of  wftt<?r ....,.,. 

Pot^reUurg  Ferry  J  oast  side  of  road^  dend  blark  gtim,  n«i]  in  root  of. . 

IJrr>fttl  Rivor,  tnoutlv  of,  surfiict^  of  svater . ^ . . . . . 

South  n'lde^  f*f  ferry  roud,  watjor  oftk,  daiI  m  root  of. , 

IJjiboii,  in  brick  wnli  of  H.  L.  Cikde '8  storey  bronzo  tablet  inarked 
**328  AtlAntft*\.. 


ZWM 

m 

m 
m 


Ejj 

291 

307 
285 

2S4 
293.' 

281 


327.# 


CHATTOOGA  RIVER  BELOW  RUSSELL,  S.  C. 

Between  July  19  and  August  10,  1903,  Chattooga  River  was  su 
veyed  from  its  mouth,  near  Tallulah  Falls,  Georgia,  to  Russell  Brid^ 
near  Russell,  S.  C,  a  distance  of  30  miles.  In  that  distance  the 
is  a  fall  of  809  feet.  A  line  of  secondary  levels  was  run,  based  < 
a  primary  bench  mark  of  the  United  States  Geological  Survey  3  mil 
below  Tallulah  Falls.  The  field  sheets  were  plotted  on  the  scale 
1:22,500,  and  during  the  course  of  the  survey  23  bench  marks  wc 
established  and  97  water-surface  elevations  were  noted. 

Chattooga  River  contains  many  available  undeveloped  power  sit< 
From  its  mouth  to  War  Woman  Creek,  a  distance  of  22  miles,  t 
river  runs  through  a  wild,  rugged  country,  almost  uninhabited. 


"1 


CHATTOOGA    RIVER. 
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in  a  goi^e  almost  the  entire  distance  and  is  very  narrow  and 
There  are  numerous  dam  sites  in  this  section,  as  the  river  is 
t  one  continuous  shoal  and  has  an  average  fall  of  33  feet  to  the 
with  a  fine  rock  bottom  and  cliffs  on  either  side.  The  rock  is 
ent  for  building  purposes. 


^ 

\Ford 

XKussell  Bridge 

^ 

o 

o     / 
s  / 

/ 

> 

s 

•5        / 
t       / 

a*    / 

s  / 

C5   / 

7 

• 

V  Junction  with  Tallul 

o/ 

1,750 


1,500 


-3 


i 


1,250 1 

I 


1,000 


Miles       L>5  20  15  10  5  0 

Fio.  4 —Profile  of  Chattooga  River  l)elow  Russoll,  S.  C. 


750 


>m  War  Woman  Creek  to  Lone  Bottom  Ford,  a  distance  of  5  miles, 
3ttoms  widen  considerably,  and  there  are  a  few  cultivated  farms, 
ray,  at  Laurel  Branch,  there  Ls  an  excellent  site  for  a  12-foot 
which  would  back  water  one-half  mile  without  damage  to  culti- 
lands.  Here  there  is  a  good  rock  bottom  and  rocky  bluffs  on 
ride.     From  a  half  mile  above  Laurel  Branch  to  Russell  Bridge, 


the  end  of  the  survey^  the  bottoms  are  considerably  wider  and 
cultivated. 

The  elevations  in  the  following  list  are  based  on  an  aluminum^ 
tablet  marked  ^*  1050  M  C"  at  Washington  street  entrance  to  th* 
State  Capitol  at  Atlanta^  the  elevation  of  which  is  now  accepted  u 
1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  which 
these  levels  depend  is  a  bench  mark  of  primarv^  levels  of  Tup](>n 
and  Savannah  River  surveys  at  the  mouth  of  Cliattooga  River.  The 
elevations  accord  with  the  1903  adjustment. 

The  levehng  was  done  under  the  direction  of  Carroll  Caldwell,  field 
assistant,  by  Thomas  B,  O'Hagan,  levelman. 


» 


Ktff\iii&tia  on  Chatiooga  Rifrr  from  ibt  mmdh  to  Rvsft^  Bridge,  Gu,  Q,7  m^ 

RYtMcU.S.C. 


*/ 


nilitMM» 

lAmllu. 

la  tat. 

0.0 

.7 
1 

Tttlluliih  Hud  ChfttltKjga  Kvprs,  100  feet  nortU  of  junciioD,  point 
cm  nwk, ,. . ..., 

702.11 
75* 
7^ 
763 

765 

T*)lulaH  and  Cliattoofftt  ri^t^rs,  whiti?  oak  tree  75  fwt  w*^l  of  juxtc- 
tiori  of,  25  ftft  north  of  Tftilultth  River,  imil  in  rowt  ol oiOc  tpp*, , . , 

Siirfftci:?  of  wflter , , ._.,.*    .... . . 

Surface  of  wfltor  _  _  , , , , ,,.,........., 

Mouth  of  stream,  fliiri"»c&  of  wati^p , .  * . , . , 

Wors^'  Crt't'k,  immth  of.  wurfuct*  of  wat^T ..,._,,,,. ...,.,.. 

1.2 

SurfAoe  of  waiter. .    ,,.,.., ...    ,.., 

766 

l.<) 

SnmU  fttmam  on  north  edge  of  rivrr,  Spuijsh  oftk,  nail  in  rtvot  of. . , . 
Surffti>e  of  wflt^^p . ,..,,.,,., ...«,.. 

776.2 
772 

2.1 

Surfiict>  of  wflt4?r . ,* ...,..**._.,». 

775 

2.6 
3 

North  &\dc  of  riv<*r,  point  on  mtk , .„..^. , 

Surf aco  nf  wat^?^ ,  ^ .  _ *,...... , 

779 

1 

Efli^L  sijp  of  riri*r,  point  on  rorfc. ..*...,,*...^,-.-.^^, 

851.51 

4 

Surfflx^o  of  wftt-or * ..*_*.,..*. 

849 

4A 

SurffliM?  of  watrr ., ..*.,,...<,*,,. ^. 

m^ 

4,5 

CriH*k,  tncHJth  of ^  surf ftc^t*  i>f  wttt*T .,,.,....,.,*,....,, 

S92 

4.7 

Surfa^r  of  wat^p. .,,,.^_..,..,,....^^,,.,... 

^99 

4  9 

Enst  sidi'  of  ri vrr,  point  on  roe-k. *• ,.,.... 

91K2' 

4.9 

Stirfajce  of  wattT, ..^ ^_... .,,....^^.... 

919 

6 

• 
Sarfajco  of  waUT. ..,..,.,.. *,,,.- - . . 

929 

5.1 

Surface  of  wat<^r . . . .  , , , .,.>.... 

9131^ 

5.2 

Surface  of  wat**r .,,.,.,.. . , . , . 

949 

5.3 
5.6 

5.6 
5.6 

Moulh  of  stream,  head  of  shoals,  surfuce  of  watjpir 

CftTup  CritH*k,  mouth  of,  mirf aw  of  water. 

Trail  Ford,  point  on  rook  20  feet  east  of  river  ..,_.. 

Trail  Ford,  surf  aoe  of  water, ,.*..... 

954 
961 
Wi7.9 
902 

5.8 

Surface  of  water , _ 

909 

i.LL  AND' 
HOYT. 
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ElevaHong  on  Chattooga  River  from  Us  mouth  to  Russell  Bridget  6a.,  0.7  mUe  north  of 
RusseU,  S.  C— Continued. 


>i8tance 
D  miles. 


Elevation 
in  feet. 


6.1 

as 

6.7 

7 

7.2 

7.4 

7.4 

7.5 

7.6 

7.8 

8 

8.2 

8.4 

8.5 

8.6 

9 

9.5 

9.8 

10 

10 

10 

10 

10 

10.5 

10.6 

10.6 

10.8 

11 

11.4 

11.7 

12 

12.5 

12.7 

12.9 

13 

13.2 

13.6 

13.8 

14 

14 


Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water .' 

Cliff  Creek,  mouth  of,  surface  of  water 

Cliff  Creek,  500  feet  above,  east  side  river,  point  on  rock 

Surface  of  water 

Chcchero  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

East  side  of  river  on  edge  of  bank,  point  on  rock 

Surface  of  water 

Iron  bridge.  South  Carolina  side,  iron  bar  under  bridge,  point  on 

Iron  bridge,  surface  of  water 

High  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

Head  of  falls,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Surface  of  water 

Surface  of  water 

Mouth  of  stream,  surface  of  water 

Surface  of  water 

50  feet  south  of  island,  east  side  of  river,  10  feet  from  bank,  point  on 
rock 


Surface  of  water 

Surface  of  water 

Surface  of  water 

Stream,  mouth  of,  surface  of  water 

Surface  of  water 

South  Carolina  side  of  river,  at  large  cliff,  point  on  rock. 

Surface  of  water 

MouUi  of  Fall  Creek,  surface  of  water 


979 

989 

999 

000 

029 

035 

045.26 

039 

049 

059 

069 

079 

089 

099 

109 

119 

129 

149 

152.  43 

159 

168.95 

1()6.3 

177 

169 

173 

179 

183 

189 

199 

204 

209 

217.86 

219 

223 

229 

232 

239 

245.  r)3 

249 

262 
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RFVER   SURVEYS    AND    PROFILK^    Or    IflfCJ, 


Eki^hn^  (fn  Chattooga  Rh>er  frm*  its  mauih  U7  Hu^jt^if  BrUi0€,  On.,  (K7  miie 
KumeU,  8.  C— t  ontinu^d. 


tutrih  of 


! 


14.5 
tCT 

la 
m7 

16 

Ifl.  0 
lft.S 

la^ 

17 

17.4 
It.  8 

IS 

la? 

IS.  7 

i».  I 
m2 

19 
ifl,  7 

20 
20 

m2 

20.6 

20.7 

20.  S 

31 

21.2 

22 

22.1 

22.3 

22.7 

23 

23 

23 

23.  § 

23.8 

24.8 

25.2 

2,\2 


Surf ic^  of  wutpt^ , , , . . . , , . , ,,_..,,, 

Burfafis  (if  water. * ,,.-.. 

ftijrfiii^A  of  wftf^r. ^„., , „,,.._,„...,,,..,.,,,..,,,..., 

Jiurfatv*  of  waUT.  <*.........«,.........>.*........>.......... 

Siifffuv  of  wAt*«r- *, ...^..,. ,.,...*,.*..*. *^^-,..-^----»*-.. -^- 

HicJi  CrtH>\ ,  mmi!  h .  surf ari*  (if  wfttrr, ,  - , .,,-,,...,,•..,. 

SurfiM^'  of  writ(^r _ _-........._.,.,..^,....^ ..^- 

South  Carolina  »icle  of  river,  point  on  rock, .....-., 

Siirfft!^  of  wiitf^r. , , ...,-.,. - _ 

Burf liw*  of  wftt4*r .,.,..,,,,.,,,,,,,,,,---..., ,  - . 

f^Andy  Bot  tonrij  1  jOOO  f «*t  b<*bw,  fnsl  aid©  of  river^  point  on  iT*eJc 

Surfa(%«  of  wnU«r , . . - 

Biirfiu^  of  water ...._._. : 

Enat  sidt*  of  rivorj  point  on  rork. ..., _-. 

Surf ncp  of  Wfttw - , 

300  foi*t  lielow  f iilU,  ftt  1x>nd  in  n ver,  point  on  rcMsk. ......  ^ ...... . 

Foot  of  f ftlls,  surface  of  wateT. .._..-,*^-*_^-_,,.; 

Ht*tLd  ot  fftllsj  surfttf*  of  water ,.^. 

Surfftn^  (if  wnter ,,,...,,.. 

Rock  Crwk,  moulh  of,  surface  of  wat<*r. 

Sandy  Ford,  mirf iic<'  of  water, 

Sandy  Ford,  7^5  fot-t  north  of,  15  fwl  east  of  riTer^  nail  in  root  of 

whik^  oak  ln*o„  , , ., ,, ,,,*.,.,.  .,*..,_  ,...^^-,^«_tav-i., 

Surfflci^  of  wat^Jr , -,*.,, ^.*^*...^-*,,.,*-44, 

Surface  of  water. .,..-..* ,.,,.,,,,,..,,,, 

Dick  Cre<^kj  nioutb  of,  mirface  of  waiter .._.._.. ........ 

Surface  iif  wat<*r . , .,...,.,,•., ., 

East  aide  of  riv^er,  point  on  rock .,,h-*,^--^*...^  — ..  —  .^-. 

Surf aee  of  water , ..,.,...-  ^ .... , . 

Surface  of  water. ,,.,.... 

Surface  of  water. ... *. . ....  * — ,  . 

4  fet^t  ra8t  of  river,  nail  in  root  of  large  pne  tree^ ^ . 

8urfape  of  water.  ._,...*.,..,.-.._..,,.... 

Earl  Ford,  IfXJ  fe*t  below  ford,  east  side  of  river,  point  on  roek . . 

Si»rfnee  of  wat^^r ,..,...,,.... 

War  Woman  Creek,  mouth  of,  svirfaee  of  water 

Soutli  side  of  river,  pomt  on  nvck. 

Surface  of  water ...... . ^  -  ,  * , 

Surface  of  water. ...  *  * -............,.,„... 

West  side  of  river,  point  on  mck..  _ . .  _ .-..-—-. 

SuHaeu  of  water. ...-,,... 


1,279 

\,m 
i,m 

1,300 

1,3104 

1,319 

l,m 

1/332 

1,3« 

1,359 

l,3»i.4i 

l,3fiO 

l,37r».i9 

1,375 

1,381 

1,406 
1,411 

1,416  A5 

1,4m 

1,429 

1,439 

1,449 

1,452.91 

1,459 

1,409 

1,473 

1,481J*1 

1,4TO 

1,485.74 

1,480 

l,4Sa 

1,494.13 

1,492 

1,499 

1,510.51 

l,SIWi 
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KUvatioiiS  on  Chattooga  River  from  Us  mouth  to  Ryssell  Bridge,  Oa.,  0.7  mile  north  of 
RusseUy  S.  6'.— Continued. 


Diflt&nce 
in  miles. 


Elevation 
in  feet. 


26 

26.3 

26.4 

26.4 

26.8 

27.1 

27.9 

28 

28.7 

29.7 

30.6 

30.6 

30.6 


Horseback  Ford,  Burface  of  water 

Surface  of  water 

Ford,  65  feot  above,  north  side  of  river,  nail  in  live  stub  (white  oak 
tree) 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Barlow  Stream,  center  of  river,  point  on  rook 

Surface  of  water 

Long  Bottom  Ford,  east  side,  nail  in  fork  of  sugar  maple  tn-^e 

Small  stream,  mouth  of  river  at,  surface  of  water 

West  Fork,  mouth  of,  surface*  of  water 

Wooden  bridge,  above   Ruasell,  S.  C,  southwest  side  of  bridge, 
point  on  bolt 

Bridge,  surface  of  water 


1,518 
1,519 

1,522.66 

1,521 

1,529 

1,539 

1,547.26 

1,549 

1,557.68 

1,554 

1,563 

1,584.84 
1,564 


BROAD  RIVER  BELOVV^  CARNESVILLE,  GA. 

Between  June  9  and  July  16,  1903,  Broad  River  was  surveyed 
from  its  mouth,  near  Lisbon,  Ga.,  to  Harrison  Bridge,  near  Canies- 
ville,  Ga.,  a  distance  of  64^  miles.  In  that  distance  there  is  a  fall 
of  316  feet.  The  field  sheets  were  plotted  on  the  scale  of  1:22,500, 
and  the  survey  was  accompanied  with  a  line  of  secondary  levels 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
Survey  at  Lisbon,  Ga.  During  the  course  of  the  survey  54  bench 
marks  were  established  and  109  water  elevations  determined. 

The  flow  is  very  gradual  from  the  mouth  to  Milford  Shoals,  a  dis- 
tance of  2  miles.  These  shoals  have  a  fall  of  8  feet  in  a  distance 
of  one-third  of  a  mile,  and  are  about  500  feet  wide.  The  river  bot- 
toms are  wide  up  to  the  foot  of  Anthony  Shoals,  5}  miles  from  the 
mouth  of  the  river.  Here  is  the  finest  power  site  on  the  river,  there 
being  a  fall  of  58  feet  in  IJ  miles,  with  rock  bottom  and  rock  bluffs 
on  each  side.  A  dam  at  this  point  would  have  to  be  1,000  feet 
long.  The  rock  is  granite  and  would  furnish  excellent  material  for 
building  purposes.  At  the  end  of  these  shoals,  on  the  Elbert  County 
side,  are  the  remains  of  a  wing  dam  which  furnished  power  for  a 
cotton  mill  now  in  ruins. 

From  here  to  Fishdam  Shoals,  9J  miles,  the  river  has  a  fall  of 
9  feet,  with  wide,  cultivated  bottoms  on  either  side  for  most  of  the 
distance.  At  Fishdam  there  is  a  3-foot  dam  about  250  feet  long 
which  furnishes  power  for  a  grist  and"  saw  mill. 


ItrVTER   STTRVTCYS    AK&   PBOFllil®   OF 


iSmT 


fpn  11L 


From  Fislulam  in  the  mouth  of  South  Broad  River,  154  ™iJ^- 
there  is  a  fall  of  23  fe^t  with  no  shoal  of  any  consequence.  The 
bottoms  lire  wido  in  most  places  and  are  in  a  higli  state  of  cidtiva- 
tion. 

One  mile  above  South  Broad  River  are  the  Detwiler  Shoals,  with 
a  fail  of  7  feet  in  half  a  ntile.  A  dam  at  this  point  would  be  about 
300  feet  long.  A  mile  and  a  half  farther  are  the  lower  Moore  Shoab, 
with  a  fall  of  G  feet  in  a  quarter  of  a  mile,  and  good  outcrop  of  hard 
rook  on  both  sides.     A  dam  here  would  be  about  330  feet  long. 

Five  niiles  farther  up  are  the  Pay  ton  Shoals,  wdth  a  faU  of  4  fe^^t 
in  a  quarter  of  a  mile.  Here  the  steep  banks  show  granite  on  the 
southeast  side. 

Two  and  one-half  miles  upstream  are  the  Cowpen  Slioals,  with « 
fall  of  K  feet.  This  is  an  excellent  site  for  a  dam,  having  rock  liot- 
tom  and  side^.     Two  miles  upstream  are  Moore  Shoals,  with  a  fall 
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FiQ.  5.— Profile  of  Broad  River  below  Camesville, 


Oa. 


of  19  feet  in  three-fourths  of  a  mile.  The  river  here  is  about  400 
feet  wide,  with  soUd  rock  bluffs  on  either  side. 

One-half  mile  beyond  are  Brown  Shoals,  with  a  10-foot  fall  in  one- 
third  of  a  mile.  A  dam  here  would  be  about  400  feet  long  and  would 
have  an  excellent  foundation.  One  and  three-fourths  miles  upstream 
are  the  Bryant  Shoals,  with  a  fall  of  20  feet  in  1}  nules.  This  is  an 
excellent  site  for  a  dam,  having  good  bottoms  and  rock  sides. 

For  12  nules  upstream  to  Double  Bridge  the  shoals  are  small  and 
do  not  seem  important.  From  Double  Bridge  to  Harrison  Bridge, 
at  which  point  the  survey  ended,  a  distance  of  6  miles,  the  river  is 
very  narrow  and  shoaly,  but  the  volume  of  water  is  small. 

The  elevations  in  the  following  list  are  based  on  a  bronze  tablet 
in  a  brick  wall  of  R.  L.  Cade's  store  at  Lisbon,  Ga.,  marked  ' 'Atlanta 
328,''  the  elevation  of  which  is  accepted  as  327.850  feet  above  mean 
sea  level.  They  accord  with  the  1903  adjustment  of  the  precise- 
level  net. 

The  leveUng  was  done  under  the  direction  of  Carroll  Caldwell, 
field  assistant,  by  T.  B.  O'Hagan,  levelman. 
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evationa  on  Broad  River  from  mouth  to  Uarriaon  Bridge,  3  mUea  southwest  of  CarnesviUe. 


istance 
I  miles. 


0.0 

.0 
.0 
.6 
1.4 
2.1 
2.4 
2.4 

2.7 
3.4 

4.7 
5 

5.2 
5.2 
5.2 
5.4 
5.6 
5.8 
6 
6 

6.4 
6.5 
6.5 
6.5 
7.1 
8.7 
8.7 
10 

10.9 
11 
11 

11.8 
13.8 
13.8 
13.8 
13.8 
15 

15.4 
15.6 


Lisbon,  mouth  of  Broad  Rivor,  870  feet  northwest  of,  south  side  of 
ferry  road,  nail  in  twin  water  oak 

Broad  River,  mouth  of,  surface  of  water 

Broad  River,  870  feet  northwest  of  mouth,  high-water  bench  mark 

Small  stream,  near,  surface  of  water 

Mill  Ford  Shoals,  foot  of,  surface  of  waters 

Mill  Ford  Shoals,  middle  of,  surface  of  water 

Mill  Ford  Shoals,  head  of,  surface  of  water.  .• 


Elevation 
in  feet. 


Mill  Ford  Shoals,  200  feet  east  of  river,  near  &-inch  elm  tree,  nail  in 
live  stob 


Center  of  bend,  surface  of  water 

Dubose  Ferry,  300  feet  above,  surface  of  water 

Anthony  Shoals,  foot  of,  surface  of  wattT 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  at  large  bend  in  river,  surface  of  water 

Anthony  Shoals,  at  rock  clilT,  surface  of  water 

Anthony  Shoals,  at  rock  clilT,  point  on  rock,  1  foot  west  of  river 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  in  front  *of  old  factory,  surface  of  water 

Anthony  Shoals,  at  old  dam,  east  edge  of  river,  nail  in  root  of  birch  tree*. 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  head  of,  surface  of  water 

Burton  Ferry,  6  feet  south  of  river,  nail  in  root  of  Spanish  oak  tree 

Surface  of  water 

Burton  Ferry,  high  water 

Surface  of  water 

Mouth  of  creek,  surfac-e  of  water 

60  feet  south  of  river,  25  feet  east  of  creek,  nail  in  sweet  gum  tree 

Surface  of  water 

Bakers  Ferry,  small  shoals,  surface  of  water 

Bakers  Ferry,  20  feet  southwest  of  river,  nail  in  root  of  large  birch  tree . 

Bakers  Ferry,  surface  of  water 

Wahache  Creek,  mouth  of,  surface  of  water 

BeUs  Bridge,  north  side,  nail  in  joist 

Bells  Bridge,  surface  of  water 

BeUs  Bridge,  high  water 

BeUs  Bridge,  floor  of 


Bells  Bridge,  250  feet  north  of  river,  large  pine  tree  near  path  to  river, 
nail  in  tree 


Mouth  of  small  stream,  surface  of  water. . . 
Falling  Creek,  mouth  of,  surface  of  water. 


295.77 

280 

300 

281 

281 

288 


3(M.9 

291 

292 

293 

295 

307 

310 

311.57 

319 

329 

339 

347.77 

3,51 

355 

361.44 

355 

364 

355 

356 

367.59 

356 

356 

364 

357 

360 

373.69 

360 

386 

393.2 

375.  34 

361 

362 
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DlfltvOM 


IB.  4 

».4 
10.4 
17-7 

lao 
a» 

22.1 
22.5 

29.1 
i3. 1 
Ml 

23  I 

24  y 

3&2 

25.2 

25.2 

25.5 

2e 

20.7 

28.7 

28 

2g.£ 

ma 

28.6 

31 
31. 3 


F(n>t  iif  fibottls,  ^furfftix-  of  »*ftt4?r. _-*_ * ......... .-^^^.^--^y.-^-^.. 

FkbiUn) »  UmA  Iff,  surfMv  uf  waifr  .^..^,,,,,,...^«,^^«.  •«,*«.»«*•«, 

Fi^tlulftiiit  iii«<l  oft  «tirfftf<^  td  WEtff  *..... ..«,...«*^....H 

Fbhtkni  Fi-rry,  ticirlii  »^idc<  nviT,  luil  b  niol  of  bri^n  WMter  oali  tne 

Fmljilajd  FiTn  »  miifmesi'  uf  waU^r*,  ,,****,,......**  *-^*,  _-...>., ^ 

FUhdioii  FvTxy ,  Boutli  mi^  of,  tiiu)  io  fiH«t  i*f  iruJti  tn« ^ ...... 

^rfjICI*  ot  WAliT ,..*..,*,**.,.-.  .  p  -,__•*•*_._  t  _,  ^  _ . 

NurUi  of  rivtiTt  paint  uu  iodL , ^— -a^*^* *...*^ 

Suffsc^  "f  w»i4«ir ^,.,_,^,,., ^..... .-,.%,,  .^ ,.  ^__*^^, 

GrifUics  old  ff 'rrir ,  Of l|^^  of  nvi*r,  tim\  tn  root  (if  white  uttk  tive.  ,•„«•, 

Oriiniw  ijld  f  rn^',  murfwnc  at  vrtU-r.  ,.*...,***•,,***,.  ^„, .,,,.,,,,, 

Sm  ft^t  south  of  nvt^r^  fivt^r  itwtl,  25  fi^l  Muiith  of*  tiAil  in  mnt  ill  , 
8p*ftisli  oak ...,,.-** ..........**..-« «.....«_^ .,_ . I 

JJoutb  of  Ur|p»  frw*k» miifaci*  erf  wiii«r, ,^«*--,#*^^*__,...__^.__.,. 

Pirw'jrnivB,  ^ftl  fwt  norili of  riirL*r, 900 fivl  wi^t of  l«r^  cnvk»  nail  m  \ 

nMjt  of  pine  trei* . .  ......,.-*-..  —  ..**-...»>-.,._,.,  , 

Matlox  Bri4gr*  uottU  «idr,  imi)  in  ploiik , ! 

JlnUox  Bn<W%HuHv4Xt  cif  wstlff ^ , .._^._^ 

Bridge  flijur ,*.,*,.,.,*.... -  ^  -.-.*...  , ._,.,.. 

ni^Ii  waU?r. _ . ,  „ ,.._,-  ^ , . .  ^  ,  , 

RiH'k  »*Uff,  near,  10  feet  south  ai  rivers  nail  in  root  of  gam  troe . 

Surf ittv  of  wat^r . _  * ------...*,....._,*,,. 

JoDM  Ferry,  eaut  side,  nail  in  toot  wf  wajU«r  oak  tree. ..,_^ 

Jonw  Fony,  mirfaw  of  water- ,._,.-| 

BQ|^i^rat«er  mark . .  _ *  * ^ ,...,.,.,,,  ,' 

Jont.'s  F^ny,  0.3  inilc  abuvo,  40  fwt  WQ»t  of  river,  D«il  in  wUite  oak  tree.  | 

Surf  ac*^  rtt  w^U*r ..,,., ..., ..,^., 

milUtotK'  CViK'k,  tncjuth  of,  GO  fc^l  e^^t  of,  25  fc«it  sHHilh  of  river,  naiJ  in  ', 
sidf  (if  Ujx  (^IdcT .,.*...,-*.* , I 

Milbtont'  CnH'k ,  mouth  of,  «u]fac^  of  water. , , | 

Ciold  Mine  Cliif,  surface  of  water,  .„.....,..  ^ — , , , , .J 

Hurni'iiliof^  Bend,  ht^ad  of,  L50  f^t  south  of  river,  in  c^mfirid,  nail  in  ' 

Spaniab  oak  ......,,,.*......... * . .  — , . . .  _ .  ^ , . . , 

Dovt?  Oirek,  mouth  of,  surface  of  water , ., 

Bend  in  rivrf,  surface  of  water* . .... - .....,,* 

Surfiifx^  of  wnttiT .  ...-.....*,,*.. -* ^^ .,, 

2ti0  ftvt  north  of  river,  nail  in  root  of  pine  tns© 1 , 

8*1  rfaei'  of  walcT . . .,..,,.,...... ,... ,,,.. .. 

Martiiis  oki  ferr^*.  near  spring,  point  on  rocik. ^ , 

Jkinciion  Siulh  Fork  und  Broad  RiviT^siuuthoiisJt  point  of  rivejs,  n&il 
in  miv  4if  liircli  tncv.  .....*,,_..,. ^  - , , . , 

Surfijoti  of  waUii - - ., .. . 
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Elevatiarui  on  Broad  River  from  mouth  to  Harrison  Bridget  3  milts  southwest  of  Cames- 

viUe — Continued. 


IHstonce 
in  miles. 


Elevation 
in  feet. 


32.4 

32.9 

32.9 

32.9 

33.4 

33.4 

34 

34.4 

31.4 

31.4 

34.7 

34.7 
34.7 
35.9 

35.9 
35.9 
36.8 
»7.5 
87.5 
37.8 
37.9 
38.6 


39.1 

39.1 
39.1 
39.1 
39.4 
39.8 
39.8 
39.8 
40.4 
40.4 
40.5 
41.1 

41.1 


Detwilcr  Ferry,  foot  of  shoals,  surface  of  water 

Detwiler  Ferry,  east  side,  edge  of  water,  slanting  Spanish  oak,  nail  in. . 

Detwiler  Ferry,  head  of  shoals,  surface  of  water 

Detwiler  Ferry,  high  water 

Seaboard  Air  Line  bridge,  abutment,  cast  side  of  river,  350  feet  from. 

Seaboard  Air  Line  bridge,  surface  of  water 

Moore  Shoals,  surface  of  water 

Old  mill,  25  feet  east  of  river,  point  on  rock 

Old  mill,  mouth  of  stream,  surface  of  water 

Moore  Shoals,  head  of,  surface  of  water 

BeDs  Ferry,  edge  of  river,  2  feet  from  road,  overhanging  Spanish  oak, 
nail  in 

Bells  Ferry,  surface  of  water 

Bells  Ferry,  high  water 

Harpers  Ft*nr\'  north  side  of  river,  east  side  ferry,  nail  in  root  of  black 
guni  irtv-      i 

Harpers  Ferry,  surface  of  water 

Ilarpers  Ferry,  high  witer 

Holly  Branch,  niotirh  of,  surface  of  water 

Moon  Ferry,  east  of  ferry,  nail  in  side  of  white  oak  tree 

Moon  Ferry,  surface  of  water 

Surface  of  water 

Mouth  of  cn»ek,  surface  of  water 

Payton  Shoals,  foot  of,  surface  of  water 

Payton  Shoals,  east  side  of  river,  nail  in  sycamore  tree 

Payton  Shoals,  head  of  shoals,  surface  of  water 

South  Payton  Ferry,  25  feet  from  river,  east  side  of  ferry,  nail  in  side 
of  dead  willow  tree 

Payton  Ferry,  high  water 

Payton  Ferry,  surface  of  water 

Payton  Ferry,  high  water 

Payton  No.  2,  head  of  shoals,  surface  of  water 

Victory  Ferry,  overhanging  birch  tree,  nail  in  side  of 

Victory  Ferry,  surface  of  water 

High  water 

Moon  Ferry,  nail  in  root  of  white  oak  tree 

Moon  Ferry,  foot  of  shoals,  surface  of  water 

Moons  Shoals,  head  of,  surface  of  wator 

Bend  in  river,  1 ,500  feet  east  of  Mill  Creek,  east  side  river,  point  on 
rock 

Surface  of  water 


395 

406.07 

402.1 

423.6 

420.28 

402 

404 

416.23 

409 

411 

418.87 

412.3 

430 

422.54 

414 

432 

416 

423.19 

418 

419 

420 

422 

428.  57 

425 

431.35 

449 

427 

449 

429 

432.17 

430 

450 

442.62 

431 

433 

443. 14 
438 
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MiJl  Shi>Al  CriHik,  mmitli  of,  surfaco  of  w&ter ,-.«..,»...^*,*, 

Surf ttyc*^  of  wiil4?r. .,,, 

II()«d  of  i^HXkU,  sitrfacH^  of  tiw^Ii^j*, ....,..,..,.,, 

Moon?  FiTry  f  wwt  mh*  i»f ,  JarRt*  spruce  oak  tpc^,  ludl .-,,.**.-,*.: 

Uoare  Fi^rty ,  surf nci*  of  m*flt4?r_ ,.,,., >..^i,*^ 

Hi^  WttU*r. *,*** - ,,.., 

Mooni  SUiwl,  ot  sprini?,  ftHst  of  sUonb,  surfai^  of  ^^at^r  .,._^-,,-^,.. 

Hhoiili*,  suf fii4*c  of  wa Ut •,,<,,,,* 

Moot?  Shonis,  tte«r  limd  of,  point  on  rock ..>-_^_ .. 

Browns  PVrr,Vi  burnt  t^ruiop  north puhI  of  rivrr,  tiajj  in 

Bmwtii  Ferry,  li^ar  ht»*d  of  Mo<irH  shoals,  surfaoe  of  water , . 

Moope  8lK»til^,  \\vmA  of,  Hiipf»*»  of  wfttor ., ....,_ .,*,.,,, 

Dtidlf*>'g  Shoals,  caat.  bank  of  river,  point  on  rock.  - ..__ 

StirftHx*  of  water , ,  _  . , ,,,.,.,,,,.,,.,,..,.._ 

I>udtt'3r  Ferry,  bl*t'k  gum  trot^  north  sick  of  ferry,  nul  in  root, ,,..,.. 

Dudit^y  F*»rry> snrfiMjt*  of  water..., .,_* ,,..,.,... 

llJgh-waU*r  mark --->.. -.--...^ ._,, 

Bryant  Shoila,  foot  of,  durfaoo  of  wat«(r, .  ^  ..,.*. ,  _  ^ , , . , . , 

Bfyaot  Shoalii,  Ju^ad  of,  surffttv  of  wat^r.  .._....,........,.*.,,.*.. 

SawndL],  Spanish  oak  tree,  50  fe<?t  from  riv<*r,  uall  in  root  of  . . . 

Surfajtse  of  water. , . . , , ^ , . . .  -, ..... 

Ht'ad  of  ahoalsj  snrfaec  of  wat4*r ..........,,,, 

Bhif^Htoup  Creek,  north  ^ide  river^  1^  niilcii  below  Bluestone  Crot^k, 
point  on  rock _..... .i , ..,__, , 

Surface?  of  water. ,  _ _ . . . , 

Moutb  of  Btuefltone  Crwk,  mirface  of  water. . . 

Surface  of  wat**r.  _ _ 

New  Ijatt jce  Bridge ,  east  eidfl  of  H vi»r,  nail  in  fioor  of . , , , - , .  ^ .  _ . 

Bridge  ftfxjr .,...._._.,,. ...^ 

Bridgie' ,  Murfao**  of  water ...,,..,.... ., ...,..* 

High'Water  mark, , ,,,.. *.. ,,.*...._.... 

Moutfi  of  stream ,  foot  of  sboaU,  aurfact*  of  water .,...<* 

Head  of  fllioalw,  Aurfaen  of  water,  _........._, ,,.,,**._, 


Wint^r^  t^r(M.^kf  jiuit  below  lH*nd  in  river,  surfat'^  tif  water,  tenipomry 
bench  mark ,....., , 


Winters  CrcH?k,  mouth  of,  head  of  sboak,  miifa<.'«  of  wat^r 

Surface  of  wat-er. ...... 

Moutik  of  stream,  mirface  of  water 

Bragg  Fertj,  2  feet  from  river,  nail  in  root  large  re<|  tiok  tt^ee. 

Bracg  Ferry,  mouth  of  Hudson  River,  surface  of  waltT 

High-water  mark. . . .  _ . , * ,  * ,,,....  ^ ... . 


441 

m 

m 

454 

m 

m 

m 

902 
487 

Am 

406 

512 
617 
221 

518.1 
523.7 

as6 

545 

WS^ 

532 

535 

541.75 

537 

mi 


Elevations  on  Broad  Rwer  from  motUk  1o  Harriaon  Bridge,  3  milts  southwest  of  Comes- 

viUe — Continued. 


Distaooe 
in  miles. 


55.2 
55.7 
55.7 
55.7 
57.2 
57.3 
57.6 
57.7 
57.7 
58.1 
5a8 

58.8 
59.1 
59.1 
59.1 
59.1 
59.7 
59.9 
60.6 

60.9 
60.9 
61.5 
61.5 
62.1 
62.2 
62.3 
62.8 
63.2 
63.4 
63.4 
63.4 
64.6 
64.6 
64.6 
64.6 


Surface  of  water 

Dove  Bridge,  southeast  comer  of,  nail  in  side  of  white  oak  tree 

Dove  Bridge,  surface  of  water 

High  water. 

Foot  of  shoals,  surface  of  water. 

Head  of  shoals,  surface  of  water. 

Surface  of  water. 

Creek,  60  feet  southeast  of  mouth  of,  nail  in  white  oak. 

Creek,  mouth  of,  surface  of  water. 

Mouth  of  stream,  surface  of  water. 

Middle  Broad  and  Broad  rivers,  forks  of,  walnut  tree  75  feet  west  of 
fork,  nail  in  side. 

Surface  of  water. 

Double  Bridge,  northwest  side  of,  nail  in  plank. 

Surface  of  water. 

High-water  mark. 

Bridge  floor. 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Corey  Creek,  0.6  mile  below,  large  rock  projecting  out  from  bank 
point  on 

Small  shoals  in  river,  surface  of  water 

Corey  Creek,  mouth  of,  surface  of  water 

Bend,  on  east  side  river,  point  on  rock. 

Surface  of  water 

Fish  dam,  surface  of  water 

Surface  of  water 

Bend  in  river,  east  side,  point  on  rock  cliff 

Philip  Shoals,  head  of,  surface  of  water 

Stephens  Creek,  mouth  of,  surface  of  water 

Ford,  oak  tree  75  feet  north  of,  nail  in  north  side  of 

Surface  of  water 

Surface  of  water 

Harrison  Bridge,  east  of,  north  of  river,  nail  in  root  of  Spanish  oak  tree . 

Surface  of  water 

Bridge  floor 

Hi^i-water  mark 


Elevation 
in  feet. 


541 

561.78 

542 

569 

548 

552 

554 

563.30 

556 

556 

575  16 

557 

581.11 

563 

576 

584 

570 

573 

581.02 

580 

581 

591.15 

584 

586 

588 

598.59 

591 

592 

603.49 

593 

594 

607.07 

596 

613.7 

612 
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iOOTH    AND    OCMULGEE    RIVERS.  FROM     CONSTITUTION    TO 

MACON,  GA, 


South  and  Ocmulgee  ri\Trs  were  surveyed  from  Constitution  \tt 
Macon,  Ga.  For  the  first  28  niiles  the  topography  was  plotted  on 
the  ^cnle  of  1:45^000,  but  subiseouoiitly  on  the  standanl  scJe  df 
1 : 22,50(1,  The  levek  arc  secondai  levels  1>aM*d  on  the  United  Stale* 
OtMjlo|Ci<'ttl  Survey  permanent  bench  mtirk  at  Constitution,  Ga. 
Eighty-six  l)en(*h  marks  were  established  and  200  water-surfafe 
eievatioDiii  were  rtK^orded. 

South  liiver  ri^en  in  the  city  of  Atlanta  and  flows  in  a  ^ni\i- 
e^isterly  direction  for  5G|  niik^s  und  then  joins  Yellow  River  to  fono 
the  Ocmulgee.  For  11  or  12  inileii  below  Constitution,  the  bisgiu- 
ning  of  the  survey,  the  river  is  narrow,  being  about  15  feet  wide&£ 
places.  All  along  the  north  side  of  the  river  in  this  streteh  m 
extensive  lieds  of  clay,  wliich  at  certain  points  are  beiiig  used  lift 
brio  km  a  king. 

Flakes'  mill,  11  niiles  from  Constitution ^  is  the  first  power  now 
utihzed  on  the  river.  At  this  point  the  dam  is  6  feet  hi^h.  Below 
for  G  miles  tlie  river  remains  shoaly  and  narrow  until  Flat  Sha«l 
is  reaebedj  where  there  is  a  fall  of  12  feet  with  a  small  grist niitl 
using  a  little  of  the  power-  Near  here  the  river  is  very  cn)oked 
and  incloses  iii  its  large  loops  flat ,  sandy  stretches  of  country,  which 
are  vpry  fertile.  Near  Flat  Shoal  is  Littlest  one  i  loan  tain,  witli 
valuable  granite  quarries. 

At  Albert  Shoals,  7  nules  farther  down,  there  is  a  fall  of  16  feet 
in  half  a  mile.  The  river  is  here  about  125  feet  wide  and  the  vol- 
ume is  much  increased  by  a  number  of  tributary  streams.  The 
banks  are  sloping,  with  no  rock  visible.  The  power  site  has  recently 
been  purchased  by  a  company  wliich  proposes  to  develop  it. 

At  Simm^s  mill,  3  nules  below,  is  a  smaU  2-foot  dam.  From  here 
to  Peachstone  Shoals,  a  distance  of  11  miles,  there  is  a  fall  of 
32  feet,  the  river  winding  through  good  bottom  lands.  Camp  and 
Honey  creeks  enter  the  river  in  this  stretch  and  add  a  large  amount 
of  water.  At  Peachstone  Shoals  is  a  2-foot  dam  wliich  backs  the 
water  for  one-half  nule,  and  with  a  canal  about  400  feet  long 
develops  a  head  of  about  9  feet,  the  power  from  which  drives  sev- 
eral turbines  operating  a  grist  and  a  saw  mill.  Soft  rock  is  visible 
on  the  west  bank,  while  the  east  bank  is  a  flat  sand  bar. 

About  8  miles  below  are  the  Snapping  Shoals,  where  there  is  a 
fall  of  20  feet  in  a  distance  of  300  yards.  Near  the  lower  end  of  the 
rapids  several  small  islands  divide  the  channel  into  several  parts. 
Sohd  rock  is  close  to  the  surface  on  both  sides  of  the  river.  A  por- 
tion of  the  power  at  this  point  is  used  in  operating  a  large  roller 
flour  miU  and  sawimll.    Mr.  DeLoach,  the   owner,  is   taking  steps 
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to  develop  all  the  power  and  intends  erecting  a  large  cotton  factory 
at  this  point. 

Three  miles  below  here  is  Island  Shoal,  with  a  fall  of  10  feet  in 
250  yards.  Here  there  is  a  flour  mill  and  a  furniture  factory,  both 
operated  by  a  3-foot  dam  with  a  canal  1,200  feet  long.  The  head 
could  be  increased  by  adding  5  feet  more  to  this  dam  without  mate- 
rially damaging  any  property  above.  This  site  is  an  excellent  loca- 
tion for  power  development,  as  the  banks  are  high  and  sohd  and 
the  length  of  the  dam  would 

probably  not  exceed  250     I 1 1 1 1^^^^^^ 

feet. 

Eight  miles  farther  down 
is  the  Barnes  Shoal,  at  the 
mouth  of  Yellow  River.  A 
dam  here  would  be  about 
700  feet  long.  There  are 
excellent  foundations  and 
about  a  9-foot  fall. 

Farther  down  the  stream 
are  Keys  Shoals,  with  a 
3-foot  fall  and  several  mi- 
nor riffles  to  Lloyds  Shoals, 
which  has  a  fall  of  43  feet 
in  about  2}  miles,  at  the 
lower  end  of  which  there 
is  a  good  dam  site.  The 
river  at  this  point  is  only 
about  350  feet  wide,  with 
solid  rocky  banks  rising  50 
feet  on  either  side.  A  45- 
foot  dam  at  this  point 
would  do  a  trifhng  amount 
of  damage  to  property 
above. 

Ten  miles  downstream 
is  Smith  Shoal,  with  a  fall 
of  12  feet,  where  a  2-foot 
dam  and  a  long  canal  at  present  run  Smith's  gristmill.  At  Lamars 
Shoals,  2  miles  below,  there  is  a  fall  of  19  feet  in  1  mile  with  a 
5-foot  dam  and  a  canal  running  a  flour  mill.  The  river  is  here  about 
1,000  feet  wide,  with  high,  rocky  banks,  and  has  a  number  of  small 
islands  and  large  rocks  scattered  all  through  it.  Twelve  miles  far- 
ther down,  at  Juliette,  Ga.,  is  an  important  shoal  which  has  been 
developed  by  Doctor  Glover.  There  is  a  15-foot  fall  in  one-half 
mile,  which  has  been  developed  by  an  8-foot  dam  with  a  short  canal, 
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Fig.  6.— Profile  of  South  and  Ocmulgec  rivers  from  Consti- 
tution to  Macon,  Oa. 
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and  ruilis  the  Glover  cotton  niills  and  the  Juliette  Milling  Company 
plant. 

Twelve  miles  below  are  Damt*a  Shoals,  mth  an  S-foot  fall  in  6O0 
feet.  A  6-fool  dam  at  this  point  supplier  Carstarphens  grbtmiH 
which  ia  a  large  wholesale  plant.  The  bed  of  the  rivej-  here  k  ^Ud 
rtx^k,  but  a  liigher  dam  would  flood  valualilc  bottom  lands  above. 

Popes  Shoals  have  a  5-ft>ot  fall  in  a  quarter  uf  a  mile,  and  Taylor  (^ 
shoals  have  a  5-foot  fall  within  a  few  hundred  yards. 

Tiie  elevations  in  the  following  Ymis  are  based  upon  an  alumbmu 
tablet  at  the  Wasliington  street  entrance  of  the  State  capttol  build- 
ing at  Atlanta  marked  '^  1050  M  C/'  the  elevation  of  wliich  is  acceptej 
as  1^049.540  feet  above  mean  sea  leveL  The  leveling  on  South  and 
Ocnmlgee  rivers  is  adjusted  to  accord  with  elevations  of  precise  level 
bench  marks  at  Constitution,  Hoi  ton,  and  Macon,  Ga.,  by  the  1903 
adjustment. 

The  levelhig  was  done  in  1903^  under  the  direction  of  F- A^Frand, 
field  assistant,  by  Joseph  Palmer,  level  man. 

Elfvaiiont  an  South  River  frma  CofislUtdioa  to  jiknttion  imth  YfSow  Riv^  {kmd  of  Ocm^ifu 

River)  rmar  Wi»ilmQe. 


Tlliititniw 


Elkfui^ 


Hi) 

M 

2 

2 

2.8 

%H 

1 

7 
10 
12.  G 

16.3 
16.  a 

20,6 
20.  fi 
23.6 

23.6 
25.3 
26.4 
26.4 


Cuii^itttution,  25  fcM^t  j^outh  iif  Siiutlu^ni  Kailituifl,  4  fppt  f^ia^t  of  sign- 
liourd  J  iron  pcist  mark(Ml  '*  847  Marebend  iKSKi  ** ,--,*..,-,,. 

Surface  tjf  wfltisr ... . . , . . , . 

IntreiicLuneDt  Creek,  iDouth  of,  [lail  in  root  of  black  giun. ..,..«....., 

Surfao^  of  woLer . . . . . . . ^ ......  ^  _,....  ^ ...,.„,.. 

AlcNeals  Bridpti,  nail  in  rxMt  of  aycamoin  trei.  .....,.,,,..,.*,.*,.. 

Surf Bc©  of  water ....._..,. . .  . , . 

Kvllers  Bridal,  north  end,  iron  bolt. ..........,.,,.,,. ...,.>. 

Surfflco  of  wal*!r. ^  ^ , ,  ^ . . ,  , , . 

Shoal  Creek  bridge,  surfittx'  of  waUsr. .......,,..,_, ...,.,-.*. 

Flftko*s  jiiUl ,  nail  In  root  of  birt;h tree ...^_. ...._,,,. , 

Surfjic*?  of  watc^r . , . . . . , .,,,,,.,* 


Flat  Shoal  Bridgt^i  liiouth  side  of  river^  east  side  of  appraacb^on  Mlone  i 
uhutrnt^nt. , , .....,; 

Surface  of  water ,,,,.,. _  J 

Foot  of  ^ocJ .,.. . ....».! 

•i 
Ptirkr?rH  BHdgts,  naiZ  in  root  of  sweel^^m  tree 

Siitfaf  c  of  water 

DanJL'U  Bricij^j  lower  sidp,  right  end  frf,  point  of  tjtone  pier. . . 

Surfat^f  of  vvat  pr . . . , , , , ^ . , 

Siinms  Brid^'t  siirfac?c  of  watcir . . ..... 

K  night  Creek ,  SO  feet  above  moutb^  on  root  of  sycaniort%  iwiL , , .  * 

Surface  of  water,. ., ..., 


m 

773^77 
770 

709.  S7      ' 

im 

751.  a3 

750 

73T 

733.3^ 

738 

70S  7^ 

6S6 

67a  7^ 
672 

635 
€2U 
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Uetxitions  on  Souih  River  from  Constitution  to  junction  with  Yellow  River  {head  of  OcmuLgee 
River)  near  WorthviUe — Continued. 


Distance 
In  miles. 


31 
31 
36 
36 

41 
41 
43 
43.1 


45.3 

45.3 
50.8 

50.8 
52.1 
52.1 


Elevation 
in  feet. 


I  Oglesbys  Bridge,  25  feet  above,  nail  in  root  of  oak  tree  . . 

Surface  of  water 

Peachstone  Falls,  nail  in  root  of  water  oak 

Peachstone  Shoals,  head  of,  surface  of  water 

Peachstone  Shoals)  foot  of,  surface  of  water 

Butler  Bridge,  30  feet  below,  nail  in  root  of  red-oak  tree. 

Surface  of  water 

Snapping  Shoals,  head  of,  surface  of  water 


Snapping  Shoals  Bridge,  40  feet  from  north  approach,  on  root  of  water 
oak .' .•- . 


Snapping  Shoals,  foot  of,  surface  of  water. 
I.sland  ShoaLs,  head  of,  surface  of  wat er  . . . 


Island  ShoaLs  Bridge,  near  south  approach  of,  nail  in  root  of  white  I 
oak ■ 


Surface  of  water 

I  Manns  Bridge,  on  south  side  of  river,  20  feet  Ijelow,  nail  in  root  of 
hickory  tree 

j  Surface  of  water 

Yellow  River,  mouth  of,  opposite,  nail  in  root  of  pine  tree 

I  Surface  of  water 


622.02 

614 

605.71 

597 

589 

587.15 

569 

562 

559.66 

.542 

536 

534. 89 
525 

518.  49 
503 
506.94 
498 


Elevations  on  OcmuLgee  River  from  Jicad,  at  junction  of  South  and  Yellow  rivers ^  near  Worihr 

vilUy  to  Macon. 


Distance  ' 
in  miles.  I 


,  Elevation 
In  feet. 


0. 0  I  Yellow  River,  opposite  mouth  of,  nail  in  root  of  pine 506. 94 

.  0  '  Surface  of  water 498 

Alcovy  River,  opposite  mouth  of,  nail  in  root  of  large  white  cmk 494. 27 

Surface  of  water 484 

4. 1      Tusahaw  Creek,  mouth  of,  head  of  Lloyds  Shoals,  nail  in  nx)t  of  water  I 

oak !  482.12 

4. 1  Surface  of  water 472 

6. 4  .  Lloyds  ShoaLs,  foot  of,  surface  of  water 429 

7.4     PittraansFerr>',near80Uthsideof,  nail  in  root  of  beech  tree 434.96 

7. 4     Surface  of  water i  425 

7. 9     Yellow  Water  Creek,  30  feet  above  mouth  of,  nail  in  root  of  hickory 

tree 433.97 

7. 9     Surface  of  water 422 

9. 2  Giles  Ferry,  nail  in  nwt  of  pine  tree ;  430. 01 

9. 2     Surface  of  water 420 


RIVER   ftnHVKYS    ANB   PRoriLKS    OF   1903.  L^m 

an  Onnttf fftf  River  from  hftidt  af  junction  oj  Souih  and  YtMtrm  rwtrt^  jwer  W#(lt 


t&M. 


a2 

10.7 
10,9 

10.  f» 
1L9 
\L% 
HA 
14. 1 
17.8 
17.  a 
19.4 

19.4 

23.5 
22.0 

22/9 
24.4 
24.4 
25.4 

25,9 
27.3 

27.3 
28.5 
28.5 
32.4 
32.4 
33.9 
33.9 
34.9 

35 
36.4 

36.4 
38.9 
36.9 

m.9 

37.9 
37.9 


Siinlbs  Should,  hetul  of,  surf jwre  of  wator* -.^..^ «*.»**.. , ., 

Snuthii  HlifMbt  inH^i  of,  surfuce  of  wator. .» ...  ^ ..  4  *-,,... , 

Siiuth^  F^iry^  en  muth  sid<t,  20feot  above  liui4iug^  nail  in  ruot  at  Ash 
trn<^. -.-/.* ...,, -.,, 

Surfftta*  of  waU?r , , , 

L^mnrH  Slicmla,  hpiwi  at,  awrfiiTO  <d  wider .._,... ... 

Lpiiiam  S|uMil?ii,  foot  olf  siirfaui>  of  watpr.  „ 

CHMHiiunei.'^  Flurry ,  «<JiUli  sidt*  of  ri\  i^r<  imU  in  root  ni  lar^jt^  ird  4¥^  tree. . . 

8urfftc7i  of  wttU>r. ..-.,..,..,... , 

\Wrds  Vnrty,  smith  mh  of  nvi^r,  tuiil  in  root  of  wftt«r  o«k. . . 

Surfttt'ti  of  wfttt^v - , , ,  _  . , . , 

Bip  Satidy  Cttx^k.  Hootlac^ni  RnUun^*  briij^  ovpt,  4  Uf'i  south  of  rail,  2 
ftH^t  fn^rn  o»fit  *^nd  bridgt-,  jxiint  no  Hl<*nr  pii^r. ,.,..,.......,  _^  ..  ^. 

Stirfftc^*  of  wnttT ....«<..«... ••..v^.,«., 

BHdi^w  F(^rri%  south  isidp  cif  tivc^r^  nnil  iti  itiot  of  lwR^inil&ci«]c  truift.  ^ . 

Surf»rr  of  vviil**r, , .  — ,. , ,, . 

BfiuUi  b«.Tik  rivc^r^  10  fi^t  from  wnt^r^  nail  in  mot  of  lai^  oak  t»i«^  _ . . . , 

Siirf«ri5  of  wiilor , 

TowftUt*^»  Ri^er^  30iitb  bonk  nl  mouth  of^  nail  in  root  of  i*d  oAk  ...... 

Suifttw  of  wftt«>r. __ 

01o%  t^rw  Sboftls,  hesad  of,  surface  of  water 

Qkjvers  Should,  f cK>t  of,  surfiw^e  of  water. . . . 

Glovers  Fcrn%  10  fiwt  »outh  of  west  approach ^  nail  in  root  of  hmch 
Ireo. ..,*.*..*- 

Surface  of  wal;er *.,*.,,, .,*,» ....*..... 

MitchelL^  Forry ,  10  fe*t  jsouth  of  wpat  end,  nail  in  root  of  red  oak  tree. . 

Surfaiie  of  water . ,...,,.. , , 

25  feet  from  river^  opposite?  milepost,  nail  in  root  of  thimderwood  tree. . 

Sorfuro  of  wfttAir  .,,,-....*.*..*,.....,...,.,, .  — — . . 

Dfttms  Forry,  10  feet  south  of  woat  «*nd  of,  nail  in  root  of  osli  tree 

Surfft<^e  of  wat^r . ...>....>.....*..>..>,*..*...... 

Cai^tftrpheos  Sboab  and  daro,  bead  of,  !mrfa<^  of  water. ... ,..,... 

Foot  of  dam^  'iurfat'*'  4if  wnU^r ,,, .--. - ... 

Foot  of  shoaK  sorfaee  of  water. . » ,^ . . . . ._ ----.. 

Hum  Creek,  north  abutmf^nt  west  end  of  S<?uthem  Raihr&j  hrid^ 

over 

Snrfa*.^  of  water. , 

Popps  Station,  in  front  of,  top  of  w^*?!  rail. _ 

Poipe^  Ferry ,  south  end  of,  nail  in  root  of  water  oak. , 

Surfaee  of  water. . . . . . , ...<,,. 

Head  of  ahoflls,  purf are  of  water. .  * .  ^ .,.,...-., * . . , . 

Foot  of  ahoakj  aurf aoe  of  water, ,..,.,  — ^-.  —  --**  —  -. .-. 
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MJevatians  on  Ocmvlgee  River  from  headf  at  junction  of  South  and  TeUow  rivers^  near  Worth- 

vilUt  to  Macon — Continued. 


Distance 
inmllM. 

Elevation 
infect. 

41.9 

Holton,  35  feet  north  of  station:  29  feet  west  of  center  of  track,  iron 
post  marked* '339  Morehead  1898' ' 

338.733 

41.9 

Surface  of  water 

299 

47.7 

Virgin,  west  rail  of  upper  switch  of  Southern  Railway  at 

322.52 

47.7 

Surface  of  water 

282 

49.9 
49.9 

Macon  waterworks,  jiLst  below,  30  feet  east  of  track,  100  feet  below 
mouth  of  small  creek  on  south  side  of  river,  nail  in  root  of  pine  tree . 

Surface  of  water 

301.88 

278 

51.9 

Macon,  post-office  building,  at  comer  of  Mulberry  and  Third  streets, 
at  left  of  Mulberry  street  entrance,  in  wat<?r  table,  aluminum  tablet 
marked  '  334  Morehead  1898" 

333.942 

YELLOW  RIVER  BELOW  YELLOW  RIVER,  GA. 

Yellow  River  was  surveyed  from  its  mouth,  near  Worthville,  Ga., 
upstream  to  Simmons's  mill,  near  Yellow  River,  Ga.,  a  distance  of 
57  miles.  The  scale  upon  which  the  field  work  is  plotted  is  1 :  22,500. 
Ihiring  the  course  of  the  survey  54  bench  marks  were  established 
and  103  water-surface  elevations  obtained. 

Yellow  River  flows  in  a  southeasterly  direction  and  contains  some 
'v-aluable  power  sites,  both  developed  and  in  a  natural  condition. 
One-half  mile  above  its  mouth  are  the  Indian  Fishery  Shoals,  where 
t.liere  is  a  fall  of  12  feet  in  about  200  feet.  The  river  is  here  about 
300  feet  wide,  but  a  narrow  neck  projecting  just  below  the  shoals 
^nd  several  rocky  islands  considerably  reduce  the  probable  expense 
cDf  construction.  There  is  a  gristmiU  and  a  cotton  gin  in  operation 
liere,  using  perhaps  nine-tenths  of  the  available  power. 

For  18  miles  above  the  river  runs  between  high  banks,  alternating 
^th  low  bottoms  to  Langdon  Shoals,  without  any  marked  shoals 
except  at  Lees,  where  there  is  a  fall  of  2i  feet,  and  Flat  Shoals,  with 
a  1-foot  fall.     Langdon  Shoals  have  only  a  4-foot  fall. 

Three  imles  above,  at  Porterdale,  is  the  finest  power  site  on  the 
river,  where  extensive  developments  have  been  made  by  the  Bibb 
Manufacturing  Company,  which  has  a  large  cotton  and  twine  factory 
at  this  point.  Here  there  is  a  fall  of  67  feet  in  half  a  mile,  with  a 
12-foot  dam  at  the  upper  end  of  the  shoal.  The  banks  at  the  foot 
are  very  high,  but  gradually  become  lower  until  just  above  the  dam 
large  bottoms  begin  and  continue  for  5  miles.  Five  miles  above 
the  Georgia  Railroad  is  the  next  power,  McDaniels  Shoals,  where 
there  is  a  7-foot  fall  in  a  very  short  distance,  and  a  6-foot  dam  operat- 
ing a  gristmill.     The  north  bank  is  solid  rock,  sloping  gently,  bul 
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the  Eoutb  bank  shows  no  outcrop.  The  power  developed  by  tlik 
dam  could  be  much  increased  with  small  cost. 

Above  tliiss  pomt  the  bottoms  become  narrowetr  and  the  riT^r 
banks  more  rugged  and  higher  until  at  Milstead,  Ga.,  44  miles  abov**, 
there  is  a  fall  of  45  feet  hi  half  a  mile.  A  15-foot  dam,  with  cand, 
is  completed  here,  and  two  large  cotton  factories  are  being  construcU*ti. 
Railroad  facilities  have  re<*ently  made  tliis  a  valuable  site  for  mills. 
and  a  large  granite  quarry  has  been  opened  up  at  the  same  p<iint 

Kleven  miles  above  are  Anniestown  Shoals*  with  a  23-foot  fallt 
where  there  is  an  H-foot  dam,  which  formerly  suppBed  power  used 
to  operate  a  cotton  mill  of  the  old  type*  The  banks  here  are  all 
hard,  unseamed  rock,  and  the  site  could  be  developed  into  valuable 
property. 

Two  and  one-half  miles  above  are  some  shoals  with  a  1 4*f  oot  fall  in 
hsLf  a  mile.     The  power  is  undeveloped,  but  Ls  in  a  rather  inaccessible 
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Fio.  7.— Profile  of  Yellow  River  below  Yellow  River,  0*. 


section  of  the  country.  Above  this  point  the  river  flows  through  a 
very  rough  country  for  10  miles,  passing  no  important  shoals  until 
the  next  power  is  reached,  at  Yellow  River,  Ga.,  the  end  of  the 
survey.  Here  is  a  dam  7.3  feet  high,  which  operates  the  Simmons 
roller  mills.  The  lower  reaches  of  the  river  are  thickly  settled,  cot- 
ton and  grain  being  the  principal  crops,  but  the  upper  part  of  the 
river  is  almost  entirely  in  timber  land. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  build- 
ing at  Atlanta,  marked  ''1,050  M  C,'*  the  elevation  of  which  is 
accepted  as  1,049.546  feet  above  mean  sea  level.  The  initial  point 
of  this  list  is  a  bench  mark  of  flying  levels  on  Ocmulgee  River. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 


Elevatiaru  on  Yellow  River  Jrom  mouth  near  WorthvUU  to  Yellow  River,  Oa, 


Hstance 


Elevation 
in  feet. 


0.0 

.0 

.5 

.5 

.0 

2.5 

2.5 

4.7 

4.7 

6.2 
6.2 
10.7 
10.7 
13.8 

13.8 

16.9 
16.9 


17.7 

17.7 
17.7 

20.8 

20.8 

22.8 

22.8 

23 

23 

24.3 

26 

26 

28.2 

28.2 

30.5 
30.5 


Yellow  River,  mouth  of,  opposite,  nail  in  root  of  pine  tree 

Surface  of  water 

Indian  Fishery  Shoals,  10  feet  of  from  water, nail  in  root  of  ash  tree. . 

Foot  of  shoals,  surface  of  water 

Head  of  Indian  Fishery  Shoals,  surface  of  water 

Aliens  bridge,  east  bank,  20  feet  from  river,  nail  in  root  of  maple  tree. 

Surface  of  water 

Lees  Shoals,  foot  of,  west  bank,  nail  in  root  of  ash  tree 

Surface  of  water 

Lees  Shoals,  head  of,  surface  of 'water 

Pickett  Bridge,  on  east  bank,  nail  in  root  of  white  oak 

Surface  of  water 

Flat  Shoal  Bridge,  west  bank,  nail  in  root  of  white  oak 

Surface  of  water 

Lanedons  ShoaLs,  west  bank,  15  feet  from  river,  nail  in  root  of  white 
ofi 

Surface  of  water 

Langdons  Shoals,  head  of,  surface  of  water 

Porterdale  Shoals,  foot  of,  10  feet  from  river,  west  bank,  nail  in  root 
of  white  oak 

Surface  of  water 

Porterdale  dam,  foot  of,  surface  of  water 

Porterdale  dam,  head  of,  surface  of  water 


Porterdale,  30  feet  from  dam,  20  feet  from  south  approach,  nail  in 
root  of  white  oak 

Surface  of  water 


Wagon  bridge,  east  side  of  river,  at  extreme  south  end  of  bridge,  top 
of  steel  post  of  railing 


Browns  Bridge, 60  feet  above,  10  feet  from  river,  on  root  of  gum  tree. 

Surface  of  water 

Tin  Bridge,  on  west  bank  river,  nail  in  root  of  poplar  tree 

Surface  of  water 

Georgia  Railroad  bridge,  west  side  of  river,  on  top  of  rock,  chisel  mark. 

Surface  of  water 

Hendricks  Bridge,  north  bank  of  river,  nail  in  root  of  water  oak  . . . 

Haynes  Creek,  opposite  mouth  of,  nail  in  root  of  water  oak 

Surface  of  water 

McDanicla  Bridge,  west  bank  of  river,  nail  in  root  of  large  water  oak 

Surface  of  water 

McDaniels  dam,  head  of,  surface  of  water 

West  side  of  river.  Pine  Log  Bridge,  10  feet  below,  nail  in  root  of  pine 
Surface  of  water 


506.94 

500 

517. 24 

504 

516 

528.49 

517 

528.49 

520 

523 

539.23 

526 

551.24 

534 

549.69 

539 

543 

561.05 
549 
604 
616 

618.38 
616 

627.81 

622.81 

611:6 

627.49 

617 

642.05 

617 

639.11 

632.26 

624.6 

644.17 

632 

641 

650.55 

641 
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^ElfmtimM   am    FfiZflii?  Ritvr   from    mmiih    nfur    WorthjiU^   to   YtHotr   Riivt,  f^a  — 


32.2 

32.  H 
33 


39.4 

as.  4 

40  2 
40.3 
40.  H 
40^9 
4aQ 
40. » 
4L3 

41.9 

41.9 
42.4 

42  4 

43  2 
43.2 
44 
44 
45.5 
45.5 


47.2 

4a  n 


Baioah  Crfjj'Jfi,  lOQ  yardfi  abovip  mmith  afp  Ifft  b«ik  of  riTcr,  haU  in 


Foiit  of  Mil^t<*!id  Sltoiikf  wont  ii«nkf  irdl  in  pliio  trN< 
8u  rfa w  of  wut+T.  .,,..,.,,*.,**,.**,,.<.,,,,.,.. 
MiUtcad,  fo4>t  of  dmu,  aiirfnrji'  of  wntor.*, . ,- , ...... 

Milfit4*iidf  I  up  of  dam,  aurfiu?!?  cif  wjiUt..  ........... 


mV-fpr-**  •-• 


40  f(>cH  atKivo  wiL|!oii  bridgt',  on  .-iouLh  sidfv  nf  tiWirp  nail  In  li>ot  of  \BXg6 
wluti'  iwk .......... ... . . 

SurfjuM*  of  Wdtor -. .-..-. , 

Irviiw  BrUlpv  2<>  fiM^t  ftbovi%1t*ft  bank  of  ri vpr,  niLil  in  root  of  hk-lsory 
trtvi. ., .--*,_.. ......^^^i-i.^^.. , 

Surfiici'  of  wat^r. . .,_,_._ ... , **,^^^^*^,,»^. 

liiglii  Uiuik,  ndl  in  mot  of  wftk*r  tmk ., ,. .,,.,-_. ,. . , 

SiipfiM^i'  i»f  wiitt'ir, ..,,., *, 

JobriH^jriji  Brldgo^t'ttat  i^nd  of,  top  of  bolt 

Sarffii^ of  wafeef , ......_ ,_....*,, 

Sitrf lu'r*  of  wiit^r. * __,..,...... ,.. .. 

Siirfac!(^  of  wat«r- • ^ , 

Swrfa****  of  wat^r .....,,....,., 

S4xrfac4»  of  watpr. .,.. .._,,,.,..,_.,._ 

Old  dam,  Wf^t  ^ido,  on  point  in  stonr  maatimy 

8«rfa«M^  of  water.- ....  .^.. 

Foot  of  sboalst  surf ftrt*  of  wat<*r *  .  .  - 

Ih^ad  of  shofllsj  .surface  of  wntrr 


Opp<i^ite  i^hoai^p  Kj^ht  liank^  2Q  U^t  from  atreain,  nail  in  rctot  of  white 
oak 


Surfaoc  of  watnr.- . . . . 

Mountain  Cnwk,  oppoert^^p  nail  in  root  of  whit*  oAk.... 

Snrfaei^  f>f  wat'or, ..,..,,. 

RiK'k  Brid|^\  on  Ipft  hank,  top  of  stony  pipr  of . 

S*jrface  of  water. , 

Weflt  bank,  10  fn<'t  from  Hvi»r,  nail  in  root  of  aah  tPWr. 

Siirfacp  of  waU^r , . 

OppcwiU*  foot  of  sboala,  nail  in  rcKit  of  hickory^  trei:^ 

Surface'  of  watnr 

Anni^stfrn-n  Sboals,  foot  ofj  aurfaoe  of  water .. 

AnniPMtown  darn,  foot  of,  siirfacf»  of  wat^r. 

Head  of  dam ,  surface  of  water 


Anniesto wn,  east  Imnk  of  liaydena  Branch,  nail  in  n>ot  of   Jargi? 
hirrh  Inn' ., .,..._.,.... 

Old  niitli  on  lai^  rock  opposite,  chisel  ntark. 
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ElevaUcfM  on  YeOow  River  from  mouth  near  WorthvUle  to  YeUow  River  ^  Ga. — 

Continued. 


THsUnce 

L      tnmfles. 

I       50.5 


Elevation 
infect. 


48.6 

50.5 
50.5 
51.7 
51.7 


53 
53 
54 
55 
55 
55.7 


Surface  of  water 

Head  of  shoals,  surface  of  water 

Sextons  Bridge,  on  stone  pier  at,  top  of  iron  bolt  . . 

Surface  of  water 

Opposite  shoals,  nail  in  root  of  pine 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  nail  in  root  of  hickory  tree 

Surface  of  water 

Surface  of  water 

Yellow  River  Bridge,  left  hank,  nail  in  root  of  oak  . 
Surface  of  water 


Yellow  River,  east  hank,  100  yardsa  hove  Simmons's  mill,  nail  in  root 
of  large  water  oak 


Simmons's  mill,  below  dam,  surface  of  water . . 
Simmons's  mill,  head  of  dam,  surface  of  water 
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786 

809.94 

791 

808.42 

793 

797 
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818.  17 

804 

807 

825.  41 

815 
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819 

826 


ALCOVY  RIVER  BELOW  DABNEY'S  BRIDGE.  GEORGIA. 

In  connection  with  this  survey  17  bench  marks  were  established 
*nd  26  water  elevations  were  recorded.  The  total  fall  in  the  distance 
Purveyed  is  231  feet,  but  at  only  two  points,  namely.  White  and 
factory  shoals  and  Henderson  Shoals,  is  the  fall  considerable.  The 
J^emainder  of  the  river  is  mostly  sluggish,  and  tree  trunks,  driftwood, 
and  other  debris  greatly  retard  the  flow,  so  that  during  the  rainy 
Season  the  river  is  slow  to  discharge,  causing  the  water  to  rise  higher 
or  spread  out  wider  than  is  usually  the  case  with  rivers  in  this  section 
of  Georgia.  The  average  width  of  the  river  is  about  125  feet,  except 
where  shoals  occur,  at  which  points  it  sometimes  widens  to  300  feet. 
Very  wide  and  low  bottom  lands  are  on  each  side  for  the  first  7  miles 
upstream  from  its  mouth.  Then  the  topography  suddenly  changes 
and  is  much  more  abrupt  and  broken  for  several  miles. 

At  the  mouth  of  Bear  Creek,  which  enters  from  the  east  8  miles 
above  the  mouth  of  the  Alcovy,  is  the  beginning  of  White  and  Factory 
shoals,  which  form  one  continuous  series  with  a  fall  of  83  feet  in  one- 
half  mile.  Here  the  river  is  in  a  gorge  300  feet  wide,  with  banks 
over  100  feet  high  at  several  places,  and  midway  of  this  shoal  is 
an  excellent  site  for  a  dam.  Granite,  apparently  free  from  seams, 
is  exposed  at  the  surface  on  both  sides  of  the  river,  while  the  river 
bed  itself  is  soUd  rock.     A  dam    at  this  point  would  be  approxi- 
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mutt^ly  250  feet  long.  At  the  upper  end  of  the  shoals  is  anott 
gfWKl  site  with  the  same  charact'cr  of  bottom.  A  dam  would  hi 
U)  I>e  ahiKit  325  feet  in  len^jth,  and  a  large  A^oKime  of  wat^r  coiilj 
stored  thron^rh  the  dry  season,  as  the  valley  widens  just  above  ^ 
dam  siti^,  A  dam  at  either  site  would  require  a  canal  from  s 
d&m  to  thf*  foot  of  the  shoals.  An  old  corn  mill  at  this  point  u 
a  small  wtwden  dam  t«>  divert  the  wat-er  into  its  flumes.  M« 
years  ago  a  large  cotton  factory  stood  on  this  site,  but  it  was  burr 
and  never  rebuilt. 

Six  miles  above  these  shoals  are  Henderson  Shoals,  with  a  fall  o 
feet,  A  6-fout  dam  luis  been  erected  here  to  supply  power  for 
large  gristiiiill,  the  back  w^ater  from  w^hich  extends  t^>  Dabne; 
bridge.  4  miles  above. 
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Pio.  8.— Profllo  of  Alcovy  River  below  Dabney's  bridge,  Georgia. 
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The  construction  of  dams  at  any  other  points  than  those  deseri 
would  result  in  the  sacrifice  of  mucli  valuable  bottom  land. 

The  soil  is  very  fertile,  and  splendid  crops  of  cotton  on  the  h 
lands  and  com  in  the  bottoms  are  grown  on  both  sides  of  the  ri-' 
With  better  drainage,  however,  a  much  larger  amount  of  land  co 
be  reclaimed  and  made  valuable  for  cultivation. 

The  elevations  in  the  following  list  are  based  upon  an  alumin 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  build 
at  Atlanta  marked  '*  1050  M  C,''  the  elevation  of  which  is  accep 
as  1,049.546  feet  above  mean  sea  level,  as  determined  by  the  1 
adjustment.  The  initial  point  of  this  list  is  a  bench  mark  of  fly 
levels  on  Ocmulgee  River. 

The  leveling  was  done  in  1903,  under  the  direction  of  F. 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 
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Uevationa  on  Aleovy  River,  from  mouth,  near  WorthviUe,  to  Dabney's  hndge,  near  StarrsviUe. 


DiataDce 
In  miles. 


Elevation 
in  feet. 


0.0 
.0 

1 
1 

2 

2 

3.9 

3.9 

4.9 

4.9 

5.9 

5.9 

6.3 

6.3 

6.4 

8.2 

8.2 

9 
9.2 

9.2 
9.2 
9.8 
9.8 
10 

10.8 
10.8 
11.5 
11.55 
12.3 
12.3 
13 
13 

13.3 
14 
14 
15 

15 


Alcoyy  River,  mouth  of,  opposite,  on  west  bank  of  Ocmulgee  River, 
nail  in  root  of  white  oak 


Surface  of  water 

Right  bank  of  river,  nail  in  root  of  ash  tree 

Surface  of  water 

East  bank  of  river,  near  water,  nail  in  root  of  ash  tree 

Surface  of  water 

Watera's  bridge,  spike  in  northeast  comer 

Surface  of  water 

West  side  of  river,  near  water,  nail  in  root  of  ash  tree , 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

Mackey  Shoals,  opposite  foot  of,  on  left  bank,  nail  in  root  of  ash  tree. . 

Mackey  Shoals,  foot  of,  surface  of  water 

Mackey  Shoals,  head  of,  surface  of  water 

Mackey  Second  Shoals,  opposite  foot  of,  left  bank,  nail  in  root  ol  birch 
tree 


Mackey  Second  Shoals,  foot  of,  surface  of  water 

Mackey  Second  Shoals,  head  of,  surface  of  water 

Newton  Factory  Shoals,  foot  of,  surface  of  water 

Dam  at  White's  mill,  on  Newton  Factory  Shoals,  opposite,  nail  in  root 
of  black  gum 

Dam,  foot  of,  surface  of  water 

Dam,  top  of,  surface  of  water 

Newton  Factory  Bridge,  on  lower  end  of,  on  nut,  top  of  bolt 

Surface  of  water 

Newton  Factory  Shoals,  head  of,  surface  of  water 

Left  bank  of  river,  nail  in  root  of  red-oak  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Left  bank  of  river,  nail  in  root  of  water  oak 

Surface  of  water 

West  bank,  opposite  shoals,  nail  in  root  of  large  beech  tree 

Surface  of  water 

East  bank  river,  nail  in  sweet-gum  tree 

Left  bank  river,  nail  in  root  of  water  oak 

Surface  of  water 


Henderson's  bridge  and  mill,  right  bank  of  river,  near  end  of  bridge, 
nail  in  root  of  post  oak 

Surface  of  water 


494.27 

484 

493.73 

487 

498.40 

492 

506.55 

493 

505.37 

497 

505.51 

500 

512.77 

502 

504 

518.50 
505 
508 
509 

562.86 

553 

558 

592.81 

582 

592 

619.86 

593 

594 

596 

604.59 

597 

604.88 

598 

612.85 

620.76 

602 

618.99 
604 


TOWALIGA   RIVER   BELOW    HIGHFALLS,  GA 

Towaliga  River  was  surveyed  from  its  mouth,  near  ] 
to  Highfalls,  Ga.,  a  distance  of  21.7  miles.  The  levels  £ 
a  line  carried  down  South  and  Ocmulgee  rivers  from  ( 
earlier  in  the  season.  The  plane-table  sheets  were  all  pl< 
scale  of  1 :  22,500.  Twelve  bench  marks  were  establis 
water-surface  elevations  were  determined. 

Towaliga  River  flows  in  a  southeasterly  direction  and  c 
Ocmulgee  River.  In  the  distance  surveyed  there  is  a  fall 
but  with  the  exception  of  Highfalls  there  are  few  shoal 
For  21  miles  above  its  mouth  the  stream  does  not  averag 
50  feet  in  width,  and  is  very  shallow.     It  is  swift  and  has 

At  Highfalls  there  is  a  drop  of  95  feet  in  a  distance  o 
in  the  middle  of  which  there  is  a  sudden  drop  of  42  feet,  k 
Highfalls.  This  is  an  excellent  dam  site,  for,  although 
normal  stage  of  water  the  volume  is  small,  there  are  splen< 
to  store  the  water  above,  as  the  bottom  is  widened  out  in 
basin.  A  flour  mill  has  been  in  operation  here  for  over  c 
years,  but  it  uses  only  a  trifling  part  of  the  power.  It  is  nc 
to  erect  a  25-foot  dam  at  tliis  point  to  supply  electric 
railway  to  Indian  Springs,  Ga.,  a  summer  resort  8  miles 
falls,  and  also  for  lighting  the  town  of  Forsythe,  14  r 
southwest.     Propertv  for  6  miles  above  the  falls  has  beei 
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The   leveling  was  done  in  1903,  under   the   direction   of  F.  A. 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 


750 


0  Miles 


10  15  20 

Fio.  9.— Profile  of  Towaliga  bolow  HighfallB,  Oa. 

Elevations  on  Towaliga  River  from  mouthy  near  Bemer^  to  HighfaUs. 


Dbtence 
inmilM. 

0.0 

.0 

1.7 

1.7 

2.2 

2.2 

3.7 

4 

4 

4.6 

6 

6 

7 

7 

Klevation 
in  feet. 


Towaliga  River,  mouth  of,  on  south  side  between  railroad  track  and 

river,  nail  in  root  of  water  oak |  379.  34 

Surface  of  water '  367 

I 

Laraars  Bridge,  near  east  end  of,  nail  in  root  of  l>cech  tree !  381 .  99 

Surface  of  water 1  371 

Small  creek  on  west  bank,  mouth  of,  nail  in  root  of  ash  tree 377.  38 

Surface  of  water .' 373 

Surface  of  water 376 

West  bank,  50  feet  from  river,  nail  in  root  of  large  pine  tree 412.  45 

Surface  of  water 379 

Surface  of  water 382 

Hunting  Shoal  Bridge,  stone  pier,  on  north  end  of  bridge,  iron  bolt  . .  412.  80 

Surface  of  water 386 

North  bank,  10  feet  from  river,  twin  wat^r  oak,  nail  in  root  of 399.  49 

Surface  of  water I  393 


_^^    12.3 
13,3 


13.3 


UA 

15 

ILl 

15 

15.5 

15,6 

16 

16 

ie,i 

17.4 

17.4 

17.5 

17.5 

18 

18 

18.5 

.0 
18.7 

.0 
19.2 

21. 2 
21.2 
21,2 

21. 3 
Z1.3 

2L7 

.0 


Jftcksous  Bridie  f  west  bmk  at  river,  large  pofiUr  ti««^  noil  in  toot  of  > 

Suifict?  t4  water.. _, .,,,__, 

Surf tteo  of  w»t«ir _ ..*,*.* 

WnA  bunk  of  riv<?r,  rjfe<»k,  100  yunb  abpvr  ntcMilh  of,  10  fe*t  fmni 
rirar^  Hftil  in  n>ijt  tif  pino  troo ... .,_...__„.,.. 

SurfiM**t  tjf  walt»r, ,  ,,,,,,, ,,,,,,.,... ^._.. 

WiWnjb  Bn<lgt,  tO  f«et  bddw  £i»st  ap{iTn«dlr  twH  m  root  of  fnler  oak. 

8urfaAM.«  \>l  waler.  .,.,.,,*, ,,,,, ,.,_ 

West  Wnkf  on  wfttcr  oak ^>.....^^.. ..-.. 

Surface  of  water. ....... 


North  and  Suutli  forka  of  North  Fork,  lOQ  juxds  ai»vc  j auction  of, 
nail  in  rtK>L  of  bireh  li^e ... ' .-.,.. _. 


Surface  of  water _ 

Foot  of  shoak^  surface  of  water. , 

Head  of  sboab,auifa^  of  ml«r>.  <>.... ...... 

Foot  of  «^o«k|  narfftoi  ol  «al«r.« 

Head  of  shoab.  s^urfaee  of  water*  * .  * , . . . 

OpfKMiU^  »hcM]H,  tKirth  \mnkj  nail  in  toot  of  biteh  tn^ 

Foot  of  ^ookr  surface  of  water.. ........... _ _ 

ll^ad  of  HhoaU,  surface  of  water, 

Momtis  Bridy^t',  on  north  bank,  2(J  feet  ea&t  of,  nail  in  root  of  white  oak 

Foot  of  tihoaLj^  surface  of  water. .,_, ._. 

Head  of  shoitU,  mirfrtjco  of  water. ,,..-..,---., 

Opposite  ahoftlflj  Dull  in  root  of  willow.  *».,....,,.. 

Surface  of  wat^r. . . .. , ..,,„,.....* 

Foot  of  shoals,  snrfaoG  of  wator.  .^.......^..,.,, „ 

Head  of  shoftlsj  surf  a<?e  of  water, .,....,..,..,,, . 

Tobes  Creek,  niouth  of,  nail  in  root  of  pine  ....*..,,,.,,,..,. 

Siirfac^c  of  water „„ ,. ,.-,„... 

Foot  of  sboals,  anrface  of  water. .. . ....^^.......^..,., 

lie^d  of  Ejhoftis,  fe-urf aoe  of  water. , ..,_.,. 

Sni aU  shoala,  surface  of  water. .._..*........ 

Head  of  t^iall  shouls,  mirfiice  of  water. . . ,.....,..,, 

B.^neh,  j^uth  bAiik,  20  (m^i  atiovc  jnouth  of,  nail  in  root  of  bircJi  tree  _ , , 

Long:  shoals,  foot  of,  south  bank,  nail  in  white  oak  tree . . ....... 

Surface  of  water .... ..., 

Highfalls  Shoids,  fcjot  of,  surface  of  water. ..., ^ 

Higbfalla,  head  of  Highfalls  Shoala,  surface  of  water 

Highfalls,  wHgon   bridge  over  Towiliga  Klver,  west  side  north  ap- 
proach to,  top  of  iron  bolt  ....._ 

Old  dam,  opposjtt*,  licad  of  bnf^  shoaLs,  surface  of  water .  * ... 

Highfalls^  high-water  mark 


m 
m 

4{fi.ll 

mM 
m 

m 

m 
Am 

m 

434 
443J^l 

^^ 

44*^71 

443 

446 

4m 

457.* 

452 

452 

4^ 

456 

157 

4G2.i 

474  J 

466 

492 

524 

563.: 

561 

561 
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CHATTAHOOCHEE  RIVER  FROM  CHESTATEE  TO  SAUTEE,  GA. 

A  survey  of  the  upper  Chattahoochee  River  between  Chestatee 
and  Sautee,  Ga.,  a  distance  of  55  miles,  was  made  during  July  and 
August,   1903.     Between  these  two  points  a  fall  of  387  feet  was 
found,  the  greater  part  of  which  is  above  the  mouth  of  Soque  River. 
During  the  survey  25  bench  marks  were  established  and  90  water- 
surface  elevations  determined.     The  plane-table  sheets  were  plotted 
on  a  scale  of  1 :  22,500.     The  original  elevations  for  the  levels  were 
Tnised  upon  an  assumed  elevation  near  Gainesville,  Ga.,  but,  as 
published  herein,  they  have  been  reduced  to  mean  sea  level. 

Above  the  mouth  of  Chestatee  River  for  10  miles  are  a  number  of 
small  shoals  aggregating  a  fall  of  28  feet.  Ten  miles  above  the  motith 
of  the  Chestatee,  Little  River  empties  from  the  north,  and  at  this  point 
are  the  first  good  shoals,  where  there  is  a  fall  of  7  feet  in  a  distance 
of  300  yards.  A  quarter  of  a  mile  above  this  point  the  North  Georgia 
Electric  Company  is  constructing  a  dam  36  feet  high,  which  is  to 
supply  electric  power.  The  backwater  from  this  dam  will  extend 
8 Bodies  upstream,  to  just  above  Clarks  Bridge.  One  half  mile  above 
this  point  is  a  shoal  having  a  9-foot  fall  in  half  a  mile. 

Just  above  this  shoal  are  Reynolds  Shoals,  with  a  fall  of  6  feet  in 
250  yards.  There  is  a  good  power  site  at  this  point,  as  the  banks 
and  bottom  are  hard  rock.  From  here  to  Mud  Creek,  3  miles,  there 
isaimiformly  distributed  fall  of  15  feet,  while  just  above  the  mouth 
of  Mud  Creek  there  is  a  good  dam  site.  A  dam  here  would  be  about 
300  feet  long,  but  the  height  could  be  40  to  50  feet  or  more,  if  desired. 

The  next  shoal  of  importance  is  Mountain  Island  Shoal.  It  gives 
a  fall  of  8  feet  in  half  a  mile.  Here  the  river  flows  around  the  island 
between  banks  100  feet  high.  A  dam  at  the  lower  end  would  be 
300  feet  long.  Perkins  Shoals  come  next,  2  miles  upstream,  with 
a  fall  of  6  feet,  and  just  above  them  is  a  shoal  with  a  7-foot  fall. 
These  could  be  used  together. 

From  hei^e  to  the  mouth  of  Soque  River  is  a  uniform  fall  of  11 
feet,  and  just  above  the  mouth  of  the  Soque  there  is  a  fall  of  8  feet 
in  650  feet.  For  the  next  3  miles  there  is  a  continuous  succession  of 
shoals,  with  a  fall  of  74  feet.  The  river  flows  in  a  narrow  gorge 
of  hard,  unseamed  rock,  and  at  several  points  dams  could  easily  be 
constructed.  Above  this  point  the  river  narrows  very  greatly,  and 
is  full  of  small  shoals  as  far  as  Nacoochee  Valley.  From  the  valley 
to  the  end  of  the  survey  there  are  no  falls  or  shoals. 

Nacoochee  Valley  is  very  fertile  and  grain  and  grasses  are  raised. 
A  large  quantity  of  timber  is  still  standing  along  the  river,  especially 
in  the  upper  half  of  the  valley. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  Nacoochee,  marked  ''  1349  Atlanta,''  in  a  ledge  of  rock  20' 
IRB  115—05 5 
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feet  west  of  ford  of  Chattahoochee  RiveT,  the  elevatian  of  which  n 
naw  accepted  as  1,348.269  feet  above  mean  sea  level. 

The  adjustment  of  this  Une  was  accomplished  in  conjunction  mih 
levehng  on  Chestatee  and  Soque  rivers^  tied  at  Willow  and  ClarW 
viJle,  respectively,  and  by  an  extra  check  at  Pole  to  primary-IeTF! 
circuits,  and  accords  with  the  1903  adjustment  of  the  precise-level  mi 

The  leveUng  was  done  in  10O3t  under  the  direction  of  F,  A,  Frsncl, 
field  assistant,  by  Joseph  Palmer,  levelnian. 


Miii?tt     35  :io  25  i*n  i:*  tn  %  u 

Fift,  10,— Pmflle  orchattahoofhw  Riv^r  fmm  Nsroorhiv  to  Junction  with  ChratAti^^  River.  Ot 
tilevatuma  an  Uhattahoochee  Kxver  Jrom  Keith's  bnage,  at  moum  of  CheaUsUe  River,  to  Naeoodm- 


Diatanoe 
In  miles. 

Elevttloo 
in  feet 

0.0 

Near  Keith's  bridge,  mouth  of  Chestatee  River,  on  nail  in  root  of 
walnut  tree 

964.37 

.0 

Surface  of  water j .. 

950 

.0 

Foot  of  shoals,  surface  of  water 

950 

.0 

Head  of  shoals,  surface  of  water 

956 

1.7 

On  nail  in  root  of  walnut  tree,  north  bank  of  river 

989.  n 

3.7 

Foot  of  shoals,  surface  of  water 

960 

3.7 

Head  of  shoals,  surface  of  water 

963 
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levoltofM  on  ChaUaKoothu  River  from  Keith^s  bridge,  at  mouth  of  Chestaiu  River,  to  .Vacoo> 

chee — Continued. 


Mstanoe 
Inmilw. 


6.7 

5.7 

6.2 

6.8 

6.8 

6.8 

7.3 

8.3 

8.3 

9.4 

9.4 

10 

10 

11 

Small  shoals,  edge  of  public  road  opposite,  nail  in  root  of  lai^  wal- 
nut tree 


12.2 

12.2 
13.2 
13.2 
13.9 

16.2 
16.2 
17.2 
17.2 

19.2 
19.2 
19.5 

21.2 
21.2 
22.2 
22.2 
23.9 
23.9 


SmaU  shoals,  surface  of  water • 

Surface  of  water 

Iron  bridge,  nail  in  root  of  large  walnut  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Thompson  Bridge,  nail  in  root  of  large  walnut  tree 

Surface  of  water 

Little  River,  mouth  of,  foot  of  shoals,  surface  of  water. 
Head  of  shoals,  surface  of  water 


Elevation 
in  feet. 


North  Georgia  Electric  Company's  new  dam,  100  yards  below,  north 
side  of  bluff,  nail  in  root  of  white  oak 

Surface  of  water 


Chattahoochee  Park,  on  east  side  and  at  sharp  bend  of  river,  nail  in 
birch  tree 


I  : 


Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

New  Bridge,  near  Gainesville,  near  small  store  building,  lai^  oak 
tree,  spwe  in  root  of 

Surface  of  water 

South  bank  of  river,  6  feet  from  water,  willow  tree,  nail  in  root  of 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Clarks  Bridge,  east  side  of  river,  large  maple  tree,  nail  in  root  of 

Surface  of  water 

Small  bluff,  north  side  of  river,  poplar  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Red  oak  tree,  nail  in  root  of 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Savage  Ferry,  nail  in  notch  of  oak  post 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

North  bank  of  river,  nail  in  root  of  water-oak  tree 

Surface  of  water 


985.61 

965 

966 

980.26 

967 

967 

972 

998.36 

977 

978 

984 

1,004.04 
985 

1,004.27 

996 
1,010 

1,028.32 

1,011 

1,014.94 

1,012 

1,012 

1,014 

1,039.81 

1,017 

1,045.27 

1,020 

1,024 

1,043.29 

1,025 

1,028 

1,332 

l,a51.30 

1,034 

l,a'i0.46 

1,037 

1,046.76 

1,038 
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r  ofi  Uhaiialuioehx  River  from  K tithes  hridgt^  ni  mauik  o}  CheAOM  i?l»r,  to  Urn 


Hcftd  of  «boab,  mirfsce  of  wat«r, ......._-.. 

S^vciD  lakftdaliotnJ^ cp|)oaitf^  foot  of , iu^ implar (r^ee,  ntal  in  root  of. 

Fool  of  t^i-mJn,  Hurfiir«4  of  WRt«t ,**--*  -^  * . 

H*^')L4l  of  sihciaU,  suffiice  of  wat^r .,.,... _ _  _ . 

Flu  I  CriK*k,  1  JTtil**  II  \Htt^  TDouth  of,  n^i]  in  root  of  poplnr  trw* ...,,,., 
SiirfttMdf  WAtrr, . .. ...,..,- , ,,., 


ms 


M.2 

34.5 
35.2 
35.2 

S5.2 

37.3 

37.4 

38.2 
38.2 


Lulu  briclpf,  60  f«N*t  (.k^Iow,  on  north  bmnk  of  nver,  r^d  onk  tn^p,  n<d 

ill  nxji  of  .,,,..*,.,.*„.. *..*.*.,,*., , , . . 

Surfiii^  of  w»t4?r  ...-,,.,**-**.**^,.»,,***,,*^, ,,,.,-•-._.._., 

Walniii  tiTc  ill  kig^  open  bo&tom,  loft  binlc  of  riirer,  ntil  in  root  ^.\ 

I  Surfatv  of  wiitjjr*  *..♦♦**,,*,,,,,,,*,,*,,,,,,*,,,,,,...,.,.,.,' 

Brilon  l>ntl^.  100  yiu*di»  buloWt  right  bunk  of  riv«^r,  wmlniil  trv^f,  tiill 

LI)  ltM.it  of .,,-,....  ^  ^  _,..,,...,.. , I 

Surfwxi  of  w»tor-p_i—**«p. *,,-,,_ , ,-,_,.,| 

Higiil  Imuk  of  ri^W »  ^xoe  ti^e,  tudl  in  root  of. __ , ,,,.._.,. ., 

Foot  of  jihoftbit  surfttcp  of  ti Ktcr .  _ ._.,.. 

Uttftil  of  «Irhi1»h  ^iirrnce  of  Wftt^r, ,,,.,,..-. ......,._»... .. 

Nail  in  root  of  birch  ttiDe.,_- ^ 

Su  rfiif't*  *)(  vi^aUT 

I  Fcx>t  of  shoiila^  HUrfac«  of  water .... ..*„_...^... 

Hend  of  slicwk ,  srtirfac<*  of  wat^r ................. ....... 

Head  of  sihoaLs,  cm  sido  of  bluff ,  lar^  pine^  oppoeite^  nail  in  root  of.  _ 

Surface  of  water .,,,,„. 

Harmoa^  Slioak,  foot  of ^  Hurf are  of  water ............... . , . 

Harriaon<f  Sboab,  opposite,  imil  in  root  of  oak  tree  . ,, , 

Harnsona Shoak,  Burfaee  of  water *.*.. - , 

Uanisoita  Shoab,  bead  of*  nioutb  of  Mo^y  Creek,  surf awf  of  water. 

Mountain  Is^land  Shoak,  foot  of,  surface  of  water  ^ .....__,,. . 

Head  of  ahoaUt  surface  of  water , , , , . . 

ilead  of  Hhoals,  opposite,  nail  in  root  of  white  oak.  ,.,,..„... 

Foot  of  aboak^  surface  of  water .,,.... , . 

Head  of  sboals^  titurfa<^e  of  water , ,,,*.,.,*. 

Pt-fkiiiM  Shoals,  opposite  foiir  of,  nail  in  root  of  water  oak  * 

iVrkina  Shoab,  foot  of,  surface  of  water ,,,,,.. .*.,_. 

Perkins  Sboakn  bead  of,  surface  of  water  .  * , ,  _ 

Foot  of  E^oak,  surfa<?e  of  water, . . .  _ _ , 

Head  of  flhoflkt  surface  of  water. 

Head  of  ahonJs,  north  bank  of  river,  opposite « nail  in  root  of  black* 
gum  tree. , .,,..*,* , ****,*,,_. 

Foot  of  Jihoak,  surface  of  water , , ,.. 

Head  of  ehoalfi,  aurfaoe  of  water. . 


1,127.7^ 

K127 

t.l30 
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iona  on  Chattahoothee  River  from  Keith's  bridge^  at  mouth  of  Chestaiee  River,  to  Nacoo- 
chu — Continued. 


Duncan  Bridge,  30  feet  below,  nail  in  red-oak  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  water  oak 

Soque  River,  south  bank,  at  mouth,  nail  in  root  of  birch  tree 

Surface  of  water 

Soque  River,  mouth  of,  in  forks  of  river,  nail  in  root  of  pine  stump. . 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  on  west  bank  of  river,  nail  in  root  of  red  oak. 

Long  shoals,  head  of,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  root  of  hickory  tree 

Irwins  Bridge,  10  feet  below,  left  bank  of  river,  nail  in  root  of  poplar 
tree 

Surface  of  water 

Irwins  bridge,  just  above,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Blue  Creek,  surface  of  water 

Blue  Creek,  100  yards  above  mouth  of,  in  fork,  nail  in  root  of  red 
oak  tree • 


Amos  Ford,  on  west  bank,  laige  birch  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Aliens  Bridge,  west  end  of,  red  oak  tree,  nail  in  root  of. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Shoals,  opposite  head  of,  nail  in  root  of  pine  tree 

Foot  of  shoals,  surface  of  water 


Elevation 
in  feet. 


148.90 

131 

135 

155. 41 

147.82 

137 

148.86 

137 

144 

149 

159 

165.20 

178 

178 

216 

222.10 

223.37 

216 

222 

228 

229 

242 

243 

256.09 

256.09 

244 

247 

250 

266.49 

256 

259 

260 

263 

264.18 

271 

274 

280.73 

276 


66                        BIVKR   SURVEYS    AND    PRUKILM    OF   1903.                tmwfc  fc 
Elf\)ta%mM  <m  UhattaKoockiie  River  frmn  Keith\  hrid^,  at  fwoulft  0/  Ch^Hak^  i?iiw,  Ut  A«»^  &  ^ 

m    ; 

40.2 
%5 
fiO.5 
5L8 

fid 

m 

Hfifid  "f  f>hoft|)i|  miffft^'  '  *f  wfttvr .      ....-......,, 

...1 

um  K 

i.w     E 

1,30111117    E 

1.^    IT 

I,29B       li 

i.soe       ^ 

SlioflJs,  red  <Mk  oppDAite  head  of,  tuiii  in  fuat  of ..<.,.,,,. 

SVmrp  Iw^iid  of  river,  waler  <mk  ivee,  eoll  In  root  of. ............. . 

Siirfiicc  uf  wak*r. .,. , . ,, 

S^jstpeiisinn  f  (jothridge,  poplar  tree  at,  nail  in  itkoi  of .  .,,.-,.*_. 

ikjrfiit**^  of  wiit«r. , , 

Foot  of  duoiilst,  *urf«i'*f  of  wnt^r. , , * * ^ 

Hoiid  of  i$]ioak'^  ^urfoc^*  nf  wnti^r.  .«^>..«-^ .^ , --- 

^utce  Crpok,  n^ar  niiiutli  of,  in  Xapoocbee  Vftllej,  turf  ace  of  wftler. , 
BfiuU^ft  Crpok,  ford  nvar  motttlip  surface  of  wat^r ,, ,.^.^^ 

Nat*o^n^ho*?  post-»:»fnrf,  2l¥MiH'r  v^mi  nf,  fdrdof  C^ftltfthoorliPe  Kivert 
ii  fwt  ftlwiv'*A  suj-fiAri*  tif  ii^ud,  on  l^dgB  of  rt>ck.  iduminurn  i&hlet 
marked  '*1349  Atlanta '*,,,.,  >,-.,, - - ., . 

B 

^^          CHATTAHOOCHEE    RIVER     FROM    CHATTAHOOCHEE    TO         H 
^W                                                              FRANKLIN,  GA.                                                           ■ 

^^^    A  survey  of  the  middle  Chattahoochee  River  was  made  between   1 

Chattahoochee  and  FraiikUn,  Ga..  a  distance  of  65  miles.  The  eleva- 
tionii  for  this  survey-  were  based  upon  the  United  States  Geologicul 
Survey  bench  mark  at  Chattahoochee,  Ga.,  and  the  plane-taWe 
sheets  were  plotted  on  a  scale  of  1 :  22,500. 

In  the  lower  section  of  the  river  for  21  miles  the  Chattahoochee 
is  without  shoals  or  rapids  until  Redmens  Shoals  are  reached,  where 
there  is  a  fail  of  2  feet.  The  next  shoals,  Maderia  Shoals,  11  miles 
farther  downstream,  have  a  fall  of  6  feet  in  half  a  mile.  Here,  on 
the  west  side,  is  a  large  bluff  of  hard  rock,  and  on  the  east  side  are 
flat  bottom  lands.  The  water  is  very  shallow,  and  the  stream  has  a 
rocky  bottom.  A  dam  here  would  be  about  600  feet  long,  and  to 
be  made  of  sufficient  height  to  develop  any  amount  of  head  would 
flood  valuable  bottom  lands  above. 

Below  Maderia  Shoals  the  river  runs  over  small  riffles  of  1  to  2 
feet  until  the  Central  of  Georgia  Railroad  bridge  is  reached,  and  for 
5  miles  below  this  point  there  is  practically  no  fall  until  Mcintosh 
Shoals  are  reached,  where  there  is  a  fall  of  8  feet  in  a  quarter  of  a 
mile.  The  river  here  runs  through  broken  coimtry,  with  high  banks 
on  both  sides,  showing  good  exposures  of  hard  rock.  A  dam  here 
would  be  600  feet  long,  but  several  rocky  islands  would  probably 
reduce  the  cost  of  construction.  The  dam  could  be  25  feet  high  or 
more  if  necessary. 
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Seven  miles  farther  down  the  river  are  Fishtrap  Shoals,  with  a  6-foot 
all  in  a  quarter  of  a  mile.  A  dam  here  would  be  700  feet  long,  as 
he  west  bank  is  low.  Two  miles  downstream  is  the  beginning  of 
iushhead  Shoals,  the  best  dam  site  on  this  section  of  the  river.  Here 
.here  is  a  fall  of  7  feet,  but  added  to  the  5  feet  just  above  and  the  6 
eet  of  Fishtrap  Shoal,  a  total  fall  of  19  feet  could  be  obtained  in  a 
listance  of  5  miles.  A  dam  built  here  would  be  650  feet  long  and 
3ould  be  of  any  desired  height.  Good  rock  is  exposed  on  each  bank. 
IVo  flourishing  towns,  Newnan  and  Carroll  ton,  which  are  about  15 
miles  from  here,  in  opposite  directions,  would  utilize  this  power. 
One  mile  below  is  a  small  4-foot  shoal,  where  the  banks  of  the  river 
are  very  flat. 

At  the  mouth  of  Centralhatchee  Creek,  2  miles  below,  is  the  last 
jhoal,  which  has  a  2-foot  fall.  It  does  not  offer  a  good  opportunity 
or  development,  owing  to  the  low  and  extensive  bottom  lands  on 
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-Profile  of  Chattahoochee  River  from  Chattahoochee  to  Franklin,  Qa. 


he  north  side  of  the  river.     This  section  of  the  river  has  a  width  of 
.bout  300  feet,  but  in  some  places  widens  to  over  1,000  feet. 

Valuable  and  extensive  bottom  lands  are  under  high  cultivation, 
principally  cotton  and  corn  being  raised,  but  the  transportation 
acilities  are  very  poor.     The  overflow  from  the  river  several  times 

year  spreads  a  slimy  sediment  over  the  bottom  which  seems  to  act 
s  a  rich  fertilizer. 

For  4  miles  below  Chattahoochee  there  are  valuable  clay  beds  on 
he  south  side  of  the  river,  which  have  been  excavated  to  a  depth 
f  10  feet  for  brick  manufacture. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
ablet  at  the  Washington  street  entrance  to  the  State  capitol  build- 
ig  at  Atlanta,  marked  '*  1050  M  C,^'  the  elevation  of  which  is  now 
ccepted  as  1,049.546  feet  above  mean  sea  level.  The  line  is  adjusted 
o  accord  at  each  end,  Oakdale  and  Franklin,  with  corrected  primary 
levations  in  accord  with  the  1903  adjustment. 

The  leveUng  was  done  in  1903,  under  the  direction  of  F.  A.  FrancI 
ield  assistant,  by  Joseph  Palmer,  levelman. 


0,0 
.0 

4 A 

i.l 

5.4 
&4 
6,4 
&4 

r.4 

a  4 

a  4 

10.3 

10.3 

1L3 

11.3 

12.8 

12.8 

14.  S 

14.  S 

16.6 

16.6 

17 

17 

17.9 

17.fi 
^6 

30.6 
21.2 
2L2 
21.3 
21.7 


Ovkdalvi,  m  front  of  station,  mmn  track,  top  of  mnth  mil 

i  Surf  act*  *>f  wiiter, . ,  _  . , ,  * .,.*,. -  ^  ,  *-  , 

Ijcff  bank  of  n v^r^  on  root  of  willow  tre«_ ..... ..-..^...^^-^^ 

Surfic^  of  WAter. .  . 

Mnson  and  Turafr  Ferry ^  near  t>ftij(  approach  to,  on  root,  to  hickofy 
in»e ....,,... , - 

Surfjict?  of  water 

Oltl  ftrry^  10  fc^l  from  iefl  bankroll  Tonl  of  ajcaniorp  tnw^ 

Surforo  of  water, , , _ ., . 

Jjcfl  bank,  20  f*»f*t  u^mivi'  bhd^^  on  rw>l  of  WBtei*  tm^t - - 

SorfutM^  of  water .,,..^. ,.,. , >_. 

Ltifl  baok,  41)  fw3t  from  Hrer^  on  root  of  Wftlnut  tree, 

SiirfiU'p  of  water , ,,.,,..,.,,.,,.,...,,,..,,, .,,,,, ^  ^ , 

Xdttl  bonk,  'Ml  fuel  from  river,  on  root  of  walnut  tree.. , ,_,_.,,,,,. 

I  SorfoL-e  of  wuler . ,  , , , ,....-*. 

'  Lt'fl  bank,  4(1  fiN't  from  river^  on  root  of  walnut  tr»e,.,,.,_  .,, , 

[  Surf  nee  of  water .  ....*.,..,._,. , ,  _  _ , , , , 

[  L**ft  bank,  20  fwt.  from  river,  on  root  of  ]S«i'e«t  gum  tree,.*. . , 

Surfttee  of  wat«r .  .,,,,,*,,., ,,,*..,,.*. * , . ,  < , 

,  Adul^olL^  Ferry,  mouth  of  Sw««lw&ter  Creek,  oppoi^te,  on  root  of 
(       large  sy causore  t  ree ... 

I  Surfaee  of  water , , 

Left  bank*  *iO  feel  from  river,  on  root  of  larf^ie  walnut  tree. , 

Surfaee  of  water _>,__ ._... 

Dupree  Ferry,  left  hankj  15  feet  from  river^  on  toot  of  elm  tree. .. . 

Surface  of  water , ,  _ , 

Left  hank,  70  feet  fron)  river,  on  roui  at  walnut  tree, , 

j  Surface  of  water, , . , , ,  „  . . - . , . , 

Camp  Creek,  mouth  of,  on  root  of  mh.  tree, . , , , 

Surface  of  water,.  _,,_..,,.,,.._. ,...,.,,., ....-- 

Left  bank ,  20  feet  from  river,  on  root  of  walnut  tree. , , . 

Surfact^  of  w  ater , ,,,,,,,, , . , , , ...,.,,>.,, 

Camplictlton  Ferry,  10  feet  from  river^  left  liank,  on  root  of  Sf cm- 
more  t  ree ...... . .................... . ...,,,., 

Surface  of  water. _^....^^....._-^..........,^,,.,. 

Brock's  ferrj',  10  feet  from  ri^^pr.  Mt  bank^  on  root  of  whit«  oak 
tree , ..,,  ,\  .,.,..  ^  .,..,**,,*.**»»*  * 


Surface  of  water. ......  ^  .. . . , , .  , 

RedmeniiShoalaJeft  bank,  10  feat  from  river  on  root  of  sycamore  tree. 

Surface  of  water. , ... 

RedmenB  Shoals,  foot  of,  surface  of  wal^r 

Pea  Creek,  mouth  of,  surfatt^  of  wntcr. . 
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Elevations  an  ChaUdhoodiee  River  from  Chattahoochee  to  FrankUn — Continued. 


DiatADce 
inn 


22 

22 
23.4 

23.4 

24.5 

24.5 

25.6 

25.6 

28.1 

28.1 

29.6 

29.6 

30 

30.9 

31.1 

31.4 

31.8 

31.8 
32.1 
33.4 

33.4 
35.1 
35.1 
36 

36 
37.5 

37.5 
38.6 
38.6 
39.2 
39.3 
40.1 

40.1 
40.1 
40.7 
40.7 


Rivertown  Ferry,  left  bank,  10  feet  from  river,  on  root  of  syca- 
more tree 

Surface  of  water 

Pumpkintown  Ferry,  left  bank,  15  feet  from  river,  on  lai^ge  birch 
tree 

Surface  of  water 

Bear  Creek,  mouth  of,  on  root  of  poplar  tree 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Defer's  ferry,  left  bank,  15  feet  from  river,  on  lai^ge  birch  tree 

Surface  of  water , 

Jones  Ferry,  left  bank,  15  feet  from  river,  on  root  of  pine  tree 

Surface  of  water 

Ballard  Shoals,  10  feet  from  river,  left  bank,  on  root  of  wiUow  tree. . 

Ballard  Shoals,  head  of,  surface  of  water 

Ballard  Shoals,  foot  of,  surface  of  water , 

Madeira  Shoals,  head  of,  surface  of  water 

Madeira  Shoals,  opposite,  on  right  bank,  on  root  of  white  oak,  side 
of  rock  bluff , 

Madeira  Shoals,  surface  of  water 

Wolf  Creek,  mouth  of,  foot  of  Madeira  Shoals,  surface  of  water 

Hutchinson's  ferry,  right  bank,  20  feet  from  river,  on  root  of  maple 
tree , 

Surface  of  water 

Long  Island,  upper  end  of,  head  of  shoals,  surface  of  water 

Right  bank,  head  of  shoals,  in  root  of  pine  tree 

Long  Island,  opposite  lower  end  of,  foot  of  shoals,  nail  in  root  of 
water  oak  tree 

Surface  of  water 

Snake  Creek,  right  bank,  10  feet  from  river,  100  yards  above  mouth, 
on  root  of  willow  tree 

Surface  of  water 1 

Moores  Ferry,  right  bank,  on  root  of  lai^e  birch  tree 

Surface  of  water 

Shoals,  head  of,  surface  of  water 

Shoals,  foot  of,  surface  of  water 

Central,  of  Georgia,  Railroad  bridge  over  river,  right  bank,  40  feet 
above  bridge,  on  root  of  willow  tree 

Surface  of  water 

Shoals,  foot  of,  surface  of  water 

Opposite  right  bank,  nail  on  root  of  poplar  tree 

Surface  of  water 


Elevation 
in  feet. 


720.64 
^714 

727.94 

712 

730.35 

712 

725.50 

710 

722.92 

709   . 

718.60 

706 

711.13 

705 

704 

704 

716. 81 
702 


709.12 
694 
692 
709.11 

703.37 


696.72 

688 

702.85 

686 

685 

684 

692. 12 

684 

683 

609.76 

682 


I  In  H 

P  41.7 
41.  a 
42.6 
42,7 
43 

43.  ti 
43,9 
43.9 
44,9 
45.4 

4ai 

46.1 
49 

m 
m 

50.7 
50.7 

ao.9 

£aa 

S5 

53.3 

S5.3 

50.3 

56.9 

56.9 

57.5 

58.5 

58.5 

59 

59 

60 

60.2 

60.8 

61 

62 


BIVEE   SUBVBY9    AND    PROFILBS    OF  19ft3,  iJ^oail 

Eitt^iofut  an  Chatiahootkf^  Biwr  from  Uka^/akoodiiM  to  Franii^in—Co^thiQ^d. 


tmm. 


KeesB*^  ivrry,  right  b&nk,  on  root  of  ash  ttm 

Surfarfl  of  waWr , ..,, , .. 

Head  at  Shodh, surface  of  water,,.,. , _.- ..___ 

Foot  of  Shoals,  surfiw**^  tif  wai**T, , . , , ' 

Fridpll  Shoals,  head  of,  sutfaci?  of  wat^r. 

Frid(*|]  8Hoals^  fo<it  of,  xiirfMiv^  of  water, ,.,.,,. 

Foot  of  hhiflf,  righi  liatik  of  nwr,  nail  m  root  of  awi^t  gum  trw 

Haii^in  Sho&lK,  lj*^a<i  of,  surf lU't*  of  wat^r ^ , , , , 

IJnmUm  FtW" ,  nail  iu  ix»ot  ■  jf  cat  alpi»  tr«s, ,,.,-,,. ,_^ 

Surfifco^  of  water ,,,,*-,, ,,,..,,, ,,,,..^ , | 

&frlnt4^1i  Rosen  e  ShoaU,  hrad  of,  siirfai?€>  of  wat**r , j 

Melntosli  Rtf»pr\t?  81  u Mils ^  fiKii  (if,  riiglil  ^id(<  of  hank^  naU  in  root  of  i 
Bw«?t  gum  tree  ....,,,,,,.,,.. . ,  - , .  ^         679.  # 

Mcliitoali  Retwrva  Sho*la,  foot  oft  surfat^  of  water ^.,^..         fifiS 

<?ulpepper,  mouth  of,  on  root  of  ppd  oak  tnpe , I        f7iiO| 


m 

m 


Surface  of  water. 

Whooping  CrtM?k,  luouth  of*  nail  in  root  of  birch  trw. 

Surface  of  water . ,. 

Brown *b>  fonj,  right  bank^  nail  in  root  of  walnut  trra. 

Surfmt'  of  wrtt<-»r. ,...,....,..,.. ...,., 


3 


Yellow  Dirt  Creek,  nght  bank,  n&il  in  root  of  swwt  guui  tree. ...... 

Surfftft!  of  water , .,,,,. , , , , , 

Yi^liow  Dirt  fix^ekt  mouth  ofj  surf^we  of  water ' 

Hollingsworth  Fi?m%  rigfit  baok,  naiJ  tn  root  of  wat«r  oak  tree. . . . 

Surf arf^  of  wutf^r, .,.,,,,,..,.,..., , ... 

Pink  Cptwk,  mouth  of,  surface  of  water , 

Right  bank,  on  nail  in  root  of  aw^t  ginn  lre<^.,_ .. . . 

Surface  of  wator ..., ,,,..,,,,,,,.,.,*,,,,,., 

Fish  trap  Shoals,  head  of,  surface  of  water 


Fish  trap  Shoals,  right  bank,  opposite  center  of  shoals,  elm  tree,  nail 
in  root  of 


Fishtrap  Shoals,  surface  of  water , 

Fishtrap  Shoals,  foot  of,  surface  of  water , 

Bushhead  Shoals,  opposite  upper  island,  nail  in  root  of  birch 

Bushhead  Shoals,  head  of,  surface  of  water 

Bushhead  Shoals,  foot  of,  on  side  of  bluff,  nail  in  root  of  white  oak. . 

Bushhead  Shoals,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 
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070.71 
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t}62 

m 

§00 

673.31 

656 

657 

670.2 

652 

648 

653.3 

645 

648.1 

638 

638 

634 

634 

632 

632 


KALL  and") 
BOTT.      J 


CHATTAHOOOHEB   RIVER.  7l 

ElemHons  on  CkaUahMdue  River  from  Chattahoochee  to  Franklin — Continued. 


Dhrtaneel 
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I 
02. 2     Foot  of  shoals,  surface  of  water 

63. 8  I  Gentralhatdiee  Creek,  opposite  mouth  of,  nail  in  root  of  birch  . 

63. 8  :  Surface  of  water 

64      i  Foot  of  shoals,  surface  of  water 

64.5 

64.7 


Franklin,  wagon  bridge,  surface  of  water 

Franklin,  on  rivet  on  top  left  iron  pier  of  east  approach  of  wagon 
bridge - 


Franklin,  in  south  side  of  court-house,  bronze  tablet  marked 
"605  A" 


Elevation 
In  fe«t. 


628 

633.49 

628 

627 

626 

655.17 

694.742 


CHATTAHOOCHEE  RIVER  FROM  WEST  POINT  TO  COLUMBUS,  GA. 

Chattahoochee  River  was  surveyed  from  West  Point  to  Columbus, 
Ga.,  a  distance  of  37  miles,  in  which  there  is  a  fall  of  361  feet.  Dur- 
ing the  work  5  bench  marks  were  established  and  35  water-surface 
elevations  obtained.  The  survey  was  plotted  on  the  scale  of  1 :  22,500, 
and  was  accompanied  by  a  flying-level  line  based  on  a  United  States 
Geological  Survey  tablet  at  West  Point,  Ga. 

For  4  miles  below  West  Point  the  river  is  sluggish.  At  Langdale, 
Ala.,  there  is  a  wing  dam  with  9  feet  head,  operating  a  knitting  mill. 
The  dam  is  loosely  built  of  light  lumber,  connecting  a  number  of 
small  islands,  and  a  large  amount  of  water  goes  to  waste. 

Probably  the  best  site  for  a  permanent  structure  at  Langdale  is 
about  one-half  mile  below  the  present  mill,  where  a  head  of  18  feet 
would  back  water  to  just  below  West  Point.  A  dam  as  proposed 
above  would  not,  except  in  time  of  flood,  spread  the  backwater 
beyond  the  present  banks  of  the  river. 

Between  Langdale  and  Riverview,  where  there  is  another  knitting 
mill,  there  is  a  continuous  network  of  small  islands.  At  Riverview 
there  is  a  9-foot  wing  dam  similar  to  that  at  Langdale,  but  it  fur- 
nishes even  less  water,  as  the  eastern  channel  is  broader. 

From  Riverview  to  Columbus  the  river  is  one  continuous  shoal, 
and  the  choice  of  sites  for  dam  construction  rests  on  minor  details 
rather  than  amount  of  power. 

Some  of  the  best  sites  are  just  below  Houstons  Ferry,  3}  miles 
from  Riverview,  where  a  24-foot  dam  would  have  good  ledge-rock 
foundations  for  the  480  feet  of  river  bed,  while  the  ordinary  red  clay  of 
the  region  appears  on  the  banks. 

Three  miles  farther  downstream,  about  1  mile  below  Blantons 
Ferry,  is  another  site,  but  a  dam  here  would  flood  a  good  deal  of 
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^Vbottom  land.  For  4  miles  below  her@  is  one  of  the  swiftest  and 
roughest  parts  of  the  river.  There  is  a  good  sit^  at  the  end  af  lhe| 
stretch,  ju8t  below  the  Big  Bull  Slough,  and  another  one- third  t>fi| 
mile  above  Bartlett's  old  ferry.  The  former  could  probably  be 
developed  into  a  valuable  plants  Biippl>"ing  power  to  West  Poiiittj 
Lanett,  Hamilton,  Opelika,  and  a  score  of  smaller  townjs,  all  \m\ 
than  25  miles  from  this  point.  A  dam  probably  coidd  l>e  built  hm\ 
with  a  head  of  70  feet.  The  river  bottom  is  ledge  rock,  witli  some] 
bowlders,  and  the  shores  are  of  the  same  rock  covered  with  more  I 
or  less  soil.  A  dam  70  feet  high  would  back  the  water  nearly  t4 1 
Mountain  Oak  Creek,  Many  of  the  islands  in  the  river  would  b| 
flooded.  Some  of  them  are  large  and  cultivated  to  some  pxteut, 
There  would  also  be  some  flooding  of  bottom  lands  on  both  sidt^  of 
the  river,  but  no  lands  of  pronounced  value  would  be  destroyed. 

About  5i  miles  farther  downstream,  at  what  is  known  locally  a5 
Goats  Rock,  a  dam  very  similar  to  the  abov^e  could  be  constructed 
The  shore  line^  are  very  precipitous  and  ledge  rock  outcrops  on  kth 
banks.  A  head  of  70  feet  would  utilize  all  the  available  power 
between  this  point  and  the  proposed  dam  5?  miles  above. 

Seven  and  one-half  miles  below  is  the  beginning  of  what  is  known  I 
as  the  old  Clapp  factory  falls.  This  is  one  of  the  best  rapids  on  I 
the  river.  Unfortunately,  the  river  is  exceptionally  mde  and  the 
construction  of  a  dam  would  be  expensive.  The  old  mill  derivtKl 
its  power  by  means  of  a  wing  dam  which  has  nut  been  used  upward 
of  fifteen  years.  A  dam  here,  backing  tlie  water  up  to  Goat  RoclSi 
and  a  canal  carrj^ing  it  to  the  foot  of  the  falls,  will  give  a  total  heaJ 
of  about  77  feet.  The  river  bottom  is  ledge  rock,  and  the  shores  are 
the  same  covered  with  several  feet  of  soil. 

One  and  one-fourth  miles  below  the  old  Clapp  factory  is  the  dam 
of  the  Columbus  Power  Company.  This  dam  has  a  head  of  32  feet, 
developed  by  a  stone  concrete  dam,  below  which  the  taihrace  has 
been  deepened  and  separated  from  the  river  by  a  stone  wall.  Part 
of  the  power  is  utilized  by  the  large  cotton  mill  of  the  company, 
situated  on  the  east  bank  of  the  river.  The  balance  is  distributed 
about  the  city  of  Columbus. 

One  and  one-fourth  miles  farther  down  the  stream  is  what  is  called 
the  city  mill  dam,  with  9i  feet  head.  It  is  a  wooden  structure  and 
needs  constant  attention,  furnishing  power  to  the  city  of  Columbus 
and  to  a  gristmill.  Three-fourths  of  a  mile  below  is  a  stone  dam 
kept  in  good  repair  and  owned  by  the  Eagle  and  Phoenix  Company, 
one  of  the  largest  cotton  manufacturing  companies  in  the  South. 
Just  below  this  dam  is  the  head  of  navigation  for  steamboats. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
in  west  abutment  of  Altanta  and  West  Point  Railroad  bridge  over 
Chattahoochee  River  at  West   Point.     The   elevation   of  this,  as 
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etermined  by  a  net  of  primary  levels,  extended  from  Rome,  Ga.,  a 
oint  on  the  precise-level  net,  is  573.193  feet  above  mean  sea  level, 
a  accord  with  the  1903  corrected  elevation  of  that  place. 

The  leveling  was  done  under  the  direction  of  I.  T.  Fitch,  field 
«sistant,  by  W.  H.  Sallee,  levelman. 
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Fio.  12.— Profile  of  Chattahoochee  River  from  West  Point  to  Columbus,  Oa. 

EUvationa  on  ChaUahoochee  River  from  West  Point  to  Columbus,  Oa.  (single  spur  line) 


Diftance 
In  miles. 


0.0 

.0 
.0 

.0 


3.1 
6 

6 

6 

8.6 

8.6 

8.6 


West  Point,  in  west  abutment  of  Atlanta  and  West  Point  Railroad 
bridge  over  Chattahoochee  River,  bronze  tablet  marked  "573  A'\  .!  573. 193 


Elevation 
in  feet. 


Highway  bridge,  surface  of  water 

Tidewater  elevation  corresponding  to  zero  of  local  hydrographic  sta- 


tion. 


West  Point,  opposite,  in  Alabama,  United  States  engineers'  bench 
mark,  1,000  leet  north  of  highway  bridge,  100  feet  east  of  road  inter- 
section, west  bank  of  river,  75  feet  from  water,  iron  monument  sunk 
in  ground 


Long  Cane  Creek,  surface  of  water 

Langdale,  Ala.,  90  feet  south  of  Moores  Creek,  in  factory  lawn  between 
factory  and  track,  top  of  hydrant 

Langdale,  mill  pond  at,  surface  of  water 

Langdale,  below  dam,  surface  of  water 

Riverview,  mill  pond,  surface  of  water 

Riverview,  below  mill  pond,  surface  of  water 

Riverview,  opposite,  in  Alabama,  northwest  comer  of  cotton  mill,  35 
feet  southwest  of,  50  feet  south  of  dam,  top  of  double-orifice  hydrant . 
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549 


564.28 
549 

548.54 
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197 
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Bliilliiiii  FWrv,  wMt  lide  of  rt¥pr,  2UI  fmt  ^m  odj^  of  w^ter.  25  fe^t 
cttM  of  popkr  tne,  wafo-i  ro«d,  top  of  knob,  soiiUi  «id(*  of  blued 
tree. ..,,.,, .- . ,,. 

Dixonfl  Forrv,  surf»i:*e  of  wat^r. ,...,,..,., 

B«rttptU  old  UtTw  50  feet  northw^sl  of  west  bkiik  of  tiv«r,  top  <if 
ledg^e.  rock  IS  fwt  from  w»t«r ^  _^ 

1     21.7 

MuJImmty  Ow^k,  Ofior^tt,  suif  m«  of  wtier , , _  _ 

m 
m 

^J      947' 

Columbus  pQwer  CompAoj^  mill  pond,  ^uifaiee  of  w&t^.  - , , . 

^§     »17 

Col  um  bust  Powi?r  Gompftny,  below  pond,  suffac^  of  water. .  _ . , . .  _ 

2m 

1     S6.9 

Columbus,  mill  pood  of  city  miUdttin,  aurface  of  water  ...... . , . . , 

m 

Columbus.  bek>w  mill  pond  of  city  miUdaiUt  i^irfajee  of  wale.r  ,, 

314 

IH     36.1 

Columbus,  above  Eagle  and  Phoenix  Compiiny  dam.surfu^of  water. . . 

2lft       ' 

^B     80.1 

Columhup*,  below  Eagle  and  Phoenix  Company  daiii,i!iUrfa<^  of  waier . . . 

200       . 

11   m 

C^jlumbus,  beneath  liighway  covered  bndg«p  surface  of  water 

m 

Hi   ^ 

Oirard,  Ala.,  Broad  and  Sixth  atnmte^  southP4ist  corner  of  int«r?)ertion. 
buek(>l  aJid  windkuA  well,  45  feet  east  of,  top  of  iioDe  guard  poel  at 
WmX.BilPa  saloon...,^ ,,.;.. 

255  U 

SOQUE  RIVER  BELOW  CLARKSVILLE.  GA. 

Soque  River  was  surveyed  from  its  mouth,  near  View,  Ga.,  to 
Clarksville,  Ga.,  a  distance  of  8  miles.  The  levels  were  based  on 
a  line  carried  up  Chattahoochee  River  from  Gainesville,  Ga.,  and  the 
field  sheets  were  platted  on  the  scale  of  1 :  22,500. 

The  first  power  is  5i  miles  above  its  mouth  and  1  mile  below  from 
Bert.  Here  there  is  an  undeveloped  fall  of  6  feet  in  about  50  yards. 
The  south  bank  is  hard  rock;  the  north  bank  is  not  very  high,  but 
seems  to  be  solid  rock.  The  best  site  for  a  dam  is  probably  at  the 
lower  end  of  the  falls.  A  dam  here  would  be  about  380  feet  long 
and  not  over  7  feet  high,  or  the  water  would  back  up  over  the  lower 
end  of  more  valuable  shoals  above. 

At  Bert,  Ga.,  are  the  Porter  Shoals,  which  have  a  drop  of  48  feet — 
far  the  best  waterfall  on  the  river.  A  small  wing  dam  develops 
power  to  operate  Porter's  woolen  and  cotton  factory,  4  miles  from 
Demorest,  Ga.,  the  nearest  railroad  point. 

About  500  feet  upstream  is  Porter's  upper  shoal,  at  which  there 
is  a  15-foot  fall  partly  developed  by  a  small  dam,  and  which  sup- 
pUes  power  for  factory  No.  2  of  the  same  company.  A  much  greater 
head  would  be  obtained  here  by  increasing  the  size  of  the  dam. 

One  and  one-half  miles  above  Bert  is  a  splendid  water-power  site* 
known  as  the  Old  Factory  Shoals,  where  there  is  a  fall  of  23  feet  in 
a  distance  of  600  feet.    There  was  a  dam  here  at  one  time,  but  all 
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f  it  have  vanished.     The  river  is  about  350  feet  wide  and 

1  several  channels  between  small  islands.     Good  sandstone 

»s  on  both  banks. 

above  this  point  the  river  bottoms  widen  and  the  farming 

re  better  between  here  and  Clarksville,  the  end  of  the  survey, 

ly  point  on  the  river. 

elevations  in  the  following  Ust  are  based  upon  an  aluminum 

it  the  north  side  of  east  entrance  to  the  court-house  at  Clarks- 

tarked  ''1372  Atlanta/'  the  elevation  of  which  is  accepted  as 

31  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 

f  the  precise-level  net. 

eveling  was  done  in  1903',  under  the  direction  of  F.  A.  Franck, 

3istant,  by  Joseph  Palmer,  levelman. 
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Fig.  13.— Profile  of  Soque  River  below  Clarksville,  Oa 

Elevations  on  Soque  River  from  near  View  to  ClarJcsviUef  Oa. 


Soque  River,  south  bank  of  mouth  of,  at  junction  of  Soque  and  Chat- 
tahoochee rivers,  birch  tree,  nail  in  root  of 

Surface  of  water 

McAHistcrs  Bridge,  near  north  end  of,  nail  in  root  of  white  oak  . . . . 


Elevation 
in  feet. 


1,147.82 

1,137 

1,156.30 
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^M  E!£valion»  on  Saq^if  Rivtr  finom  near  Viiuj  lo  VlitrktiwiSet  Qa, — C4)filiiui?cL 
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5,7 
^A 
6.1 
5.9 

ai 
a  2 

«.a 

7.3 
7.3 
7.3 

8.8 

8.8 


Surffloe  of  iratcr.  -  _ .  -  - _ ^ . , ^ , , 

Foot  of  dioak,  surface  of  water , 

Elead  of  shoaliir  ^mrf ftw  of  water * * , 

NewbridftP, hickory  ttiw  on  north  baukt  nftO  in  root.. 

Surface  of  water * , ,  _ 

Foot  of  sboftk,  surfar<3  of  waUr ..-,.,,. 

H^adof  ahoals,  mirface  of  water... > * 

Foot  of  iiboal^,  aiirfarj?  of  wat*  r* ,..  ^  .,  ^  -.,......,_ , 

li^nd  of  shoakf  atirfuc**  of  water.  *-<...*,*..•,,,**,< 

Foot  of  alio&k,  aurfa£«  of  wa.ter. , .  ^  ^ - . 

lli'tkd  of  rihoflls,  mjrf act'  i>f  wat<*r, ....,..,....,,,,,,, 
Porter's  milhj  foot  of  Porter  Shoiilsi  surfaee  of  watcif- , 
Berit  head  of  Porter  Shoals*  surface  ot  wttti*r^ ,,,,,., , 


Bort,  Potter  ShoaU,  op|H»ite  head  cyf  »hoali^  water  oak,  nail  in  mtit 
of... ,,.,,, ,.,..,,, --,,, , 


Bc*rt,  near  north  end  of  wiLj^oti  brides  rt'd  oak  tree,  uaii  in  root  cjf. . , , 

Bf  rt,  foot  of  upptT  shunts,  Mirfat*  ol  watt-r .  .......,.,....,..^..,, 

Htsail  of  upper  shcttHs,  surf aee  of  water.  ,-.,,,>,,,, *,.,...... 

Bcifti  Q&.,  2011  yards  aboYe  factory,  n^ar  river^  on  root  of  water  oak  , 

Foot  of  sFioalSp  surface  of  water. ... , ,  ^ ................... 

Left  b&uk  of  ri^cr^  nail  on  root  of  sycamore  tt^ec . . ,.,,.. 

Surface  of  waltT,  head  of  ^boab. ......--- ..........,,,,,,.., 

Clarksvillo^  llfllx'rshatn  Coimty  court-bouae,  on  north  side  flf  east 
pntrance,  aluioinuni  tablet  marked  ' '  1372  Atlanta" 

SurfflCL*  pf  wati^r- ,  * . .......,.,.,,...... 
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CHESTATEE  RIVER  BELOW  WILLOW,  GA. 

Chestatee  River  was  surveyed  from  Willow,  Ga.,  to  its  mouth, 
Chestatee,  a  distance  of  47.7  miles. 

A  line  of  secondary  levels  was  run,  based  on  a  primary  b 
mark  of  the  United  States  Geological  Survey,  2  miles  north  of  Wi 
The  field  sheets  were  platted  on  the  scale  of  1 :  22,500.  Durinj 
course  of  the  survey  40  bench  marks  were  established  and  98  w 
surface  elevations  obtained. 

For  the  first  8  miles  the  river  traverses  a  very  wild  and  br 
country,  and  is  only  about  50  feet  wide.  There  is  not  enough  v 
to  produce  any  considerable  amount  of  power,  although  there  is  i 
of  124  feet. 

At  Gannett  Bridge  there  is  an  old  3-foot  dam  which  was  us< 
furnish  power  for  a  gold-stamping  mill,  the  machinery  of  which  is 
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xiiined  from  disuse.  This  is  about  the  north  boundary  of  the  Dah- 
lonega  gold  field  now  under  vigorous  development. 

One  mile  downstream  is  an  unnamed  shoal,  with  a  fall  of  30  feet  in 
€.6  of  a  mile.  The  river  runs  between  very  steep  banks  of  hard, 
unseamed  rocks,  and  a  200-foot  dam  could  be  constructed  here,  abun- 
dant material  being  easily  accessible. 

Just  below  Grinnells  Ford  is  a  splendid  site,  where  the  river  sud- 
denly drops  47  feet  in  about  150  yards  and  passes  through  a  narrow 
gorge.  The  river  bed  is  of  broken  rock,  and  a  dam  at  this  point 
would  be  about  200  feet  long. 

About  2  miles  farther  down  is  a  drop  of  11  feet  in  100  yards.  The 
river  runs  through  a  narrow  gorge,  but  just  above  the  valley  widens 
enough  to  make  a  good  storage  basin.  A  dam  would  be  about  225  feet 
long  and  could  be  built  to  almost  any  desired  height.  A  pyrites 
mine  here  employs  50  men.  Four  miles  below  the  Crown  Gold 
Mining  Company  is  erecting  a  40-foot  dam,  known  as  the  Gorge  dam, 
to  run  hydraulic  pumps  for  two  placer  mines..  This  dam  will  back 
up  the  water  for  2  J  miles  and  will  cover  a  number  of  small  shoals. 

The  river  below  here  runs  swiftly,  but  without  important  shoals  for 
about  3i  miles.  It  then  enters  the  back  water  from  Chestatee  dam, 
which  is  4  feet  high,  and  suppUes  power  for  a  gristmiU,  cotton  gin,  and 
hydrauUc  pump. 

Three  miles  farther  down  is  a  gold-stamping  mill,  the  power  for 
which  is  supplied  by  an  11 -foot  dam,  which  backs  the  water  up  as  far 
as  Iron  Bridge  just  below  the  Chestatee  dam.  Six  miles  farther  down 
is  a  26-foot  dam,  built  by  the  North  Georgia  Electric  Company,  at  New- 
bridge, Ga.,  which  suppUes  power  for  the  traction  system  and  lighting 
of  the  city  of  Gainesville,  Ga.,  15  miles  awa5^.  A  smaller  dam,  4  feet 
high,  just  below  the  main  structure,  furnishes  power  for  a  gristmill  and 
cotton  gin. 

Below  Newbridge,  Ga.,  the  river  enters  a  more  level  country  and 
runs  with  little  fall  to  Bolden's  bridge,  9  miles  below,  passing  a  3-foot 
dam,  which  is  used  to  operate  a  small  flouring  miU,  and  a  6-foot  dam, 
wnich  supplies  power  for  a  large  gristmill. 

In  the  remaining  8  miles  there  are  no  shoals  or  opportunities  for 
power  development.  The  sand  in  the  bed  of  the  river  contains  a 
large  amount  of  gold,  and  placer  mining  on  a  considerable  scale  is  one 
of  the  occupations  of  the  people  throughout  this  whole  region. 

Nearly  all  of  the  important  shoals  which  are  undeveloped  are  con- 
trolled by  the  mining  interests  in  the  neighborhood.  The  upper  part 
of  the  survey  was  through  fairly  heavy  timber,  but  the  lower  end  of 
the  work  was  through  land  all  under  high  cultivation.  The  river 
passes  3  miles  from  Dahlonega,  the  county  seat  of  Lumpkin  County. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
2.5  miles  north  of  Willow,  in  rock  on  west  side  of  river  at  fork  of  d 
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[so.  Uh. 


road,  marked  '*  1529  Atlanta,"  the  elevation  of  which  is  accept^i  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment ot  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  ChestcUee  River  hdow  WiUow,  Oa. 


Difltanoe 
In  miles. 


Elevation 
in  feet. 


-I- 


2.5 

.0 
.0 
.25 

1 
1 

1.6 

2.5 
2.7 
3 

3.7 

3.S 

4 

4 

4.2 

4.7 

4.7 

4.9 

.5.2 

5.2 

,5.4 

.5.  4 

(> 

(i.  4 

().  4 

G.  9 

7.3 


8.2 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta'' 


Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Kight  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  lar^e  shoals,  .siirfae<'  of  water 

Foot  of  lar^e  shoals,  surface  of  wat<r 

Shoals,  opposite,  right  hank  of  river,  nail  in  root  of  red  oak 

Surfa<'e  of  water 

Foot  of  shoals,  surface  of  water 

vSharp  hend  of  river,  right  l>ank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  hc^ad  of,  surface  of  water 

Crooked  Shoal,  foot  of.  surface  of  water 

I  lead  of  shoals,  surface  of  water 

Foot  t)f  shoals,  surface  of  water 

Left  hank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of.  . . 

Head  of  shoals.  surfac«'  of  wat(  r 

Foot  of  shoals,  surface*  of  water 

Foot  of  shoals,  left  hank,  (i(J  feet  below,  nail  in  r(M)t  of  hickory 

Head  of  shoals,  .surface  of  water 

Foot  of  sljoals.  .surface  of  water 


Small  creek,  mouth  of,  opposite*  center  of  shoals,  spruce  pine,  nail 
in  root  of 

Old  dam,  lop  of.  surface  of  water 

Old  rlanj.  hottom  of.  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak.. 


1,528.649 

1,461.37      \ 

1,454  I 

1,449 

1,447.54 

1,446 

1,444 

1,443 

1,438 

1,428 

1,422 

1,437.^ 

1,416 

l,41o.r^ 

l,40t> 

1,42,5.  ^i 

1.405 

1,3*)9 

1,404.5,? 

1,:^)4 

1,390 

1.384 
1,378 
1,388.79 
1,377 
1,3,53 
1,. 304.  25 
1 ,  .346 
1,,328 

1 .  ,335.  59 
1,,321 
1.317 
1.318.  ,35 
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Distance 
in  miles.  > 


8.2 
8.5 
8.8 


9.4 
9.9 
10 

10.3 
10.7 
10.7 

11.1 
11.2 

11.2 
11.4 
11.6 
11.6 
11.7 
11.9 
12.6 

12.8 
13.5 

14 
14 
14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 


Surface  of  water 

Old  gold-«tamping  mill,  foot  of  bridge  at,  surface  of  water 

Head  of  shoals,  surface  of  water 

,  Foot  of  shoals,  surface  of  water 

I  Foot  of  shoals,  opposite,  left  bank  river,  nail  in  root  of  sweet  gum 


tree. 


Head  of  shoals,  surface  of  water 

Grinnells  Ford,  foot  of  shoals,  surface  of  water 

Grinnelkt  Ford,  in  root  of  large  birch  tree,  near  ford,  nail  in  root  of . . 

Head  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
bluff,  in  white  oak  tree,  nail 

GrinneU's  lower  ford,  surface  of  water 


Grinnell's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
large  rock,  chisel  mark 


Grinnell's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  of  river,  nail  in  root  of  hickory  tree 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water , 

Right  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Goiige  dam,  above,  head  of  shoals,  surface  of  water ' 

Go!^  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree. . . 

Gorge  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water 

Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Chestatee  dam,  top  of,  surface  of  water 

Chestatee  dam,  foot  of,  surface  of  water 

Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of 


Elevation 
in  feet. 

1,309 

1,305 

1,304 

1,296 

1,303.10 

1,293 

1,263 

1,265.45 

1,262 

1,215 

1,231.37 

1,209 

1,218.11 

1,207 

1,206 

1,201 

1,214.34 

1,200 

1,189 

1,187 

1,174 

1, 183. 54 

1,169 

1,163 

1,166.95 

1,160 

1,155 

1,150 

1,149 

1,159.21 

1,138 

1,133 

1,150.10 

1,130 

1,125 

1,122 

1,119 

1,115 

l,121.8f 

^ 
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■  1  mUe,     This  is  an  exeeUent  dam  site«  as  the  bottom  is  rocky  and 
there  are  hard-roek  bluffs  on  either  side.     The  dam  would  be  3fl0 

^feet  long.  Building  material  can  be  easily  obtained.  Five  nules 
below,  and  about  1  mile  above  Murphy,  is  a  shoal  w^ith  a  25-ffjol 
fall  in  1=1  miles,     A  dam  about  600  feet  long  could  be  built  here. 

One-tliird  mile  below  Murphy^  at  the  mouth  of  VaUey  Hi  vert 
IH  the  head  of  a  shoal  1 J  miles  long  with  a  fall  of  25  feet.  This  is  m 
excellent  power  site.  The  liottoni  is  rocky;  both  sides  are  of  hard 
rock.     The  dam  would  be  about  500  feet  long. 

Seven  and  one-half  miles  below*  Murphy,  at  Shallow  Ford^  is  a 

al  with  14~foot  fall  in  It  miles,     This  offers  an  excellent  site  for 

dam,  as  bottom  and  bankn  are  rock^'.     The  dam  would  be  about 
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FiQ.  14.— Profile  of  Hiwassee  River  from  Hiwassee,  Qa.,  to  ApaUchia,  N.  C.     . 

550  feet  long.  Three  miles  below  Shallow  Ford  is  a  shoal  with  a 
20-foot  fall  in  li  miles.  The  dam  here  would  be  only  about  400 
feet  long. 

Two  miles  below  is  a  23-foot  shoal  1}  miles  long,  where  the  river 
runs  between  steep  hills.  The  dam  here  would  be  600  feet  long. 
Excellent  building  material  is  at  hand. 

From  Chambers  Creek  to  lower  Shallow  Ford,  6i  miles,  the  river 
has  a  fall  of  15  feet  per  mile,  and  is  almost  a  continuous  shoal.  There 
are  several  excellent  dam  sites.  From  Shoal  Creek  to  Cane  Creek, 
2  miles,  there  is  a  shoal  with  a  fall  of  38  feet.  This  is  a  fine  powder 
site,  with  hard,  rocky  bottom  and  sides.  A  dam  at  this  point  would 
be  about  700  feet  long. 
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From  Cane  Creek  down  to  the  Tennessee  State  line  (5  miles),  the 
nd  of  the  survey,  the  river  has  a  fall  of  30  feet,  with  only  a  7-foot 
hoal  three-fourths  of  a  mile  between  Eilpatrick  Ferry  and  Taylor 
'erry. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
ablet  marked  "1984  Atlanta''  at  the  northeast  comer  of  front 
estibule  of  Towns  County  court-house,  Hiwassee,  Ga.,  the  eleva- 
ion  of  which  is  accepted  as  1,983.634  feet  above  mean  sea  level, 
^he  leveling  is  adjusted  with  flying  levels  on  Nottely  River  to 
<5cord  with  the  1903  adjusted  elevation  of  primary  bench  mark 
.t  Blairsville  and  Hiwassee,  Ga.  From  the  mouth  of  Nottely  River 
o  Apalachia  the  leveling  is  a  single  spur  line. 

The  leveling  was  done  in  1903,  under  the  direction  of  Carroll  Cald- 
irell,  field  assistant,  by  T.  B.  O'Hagan,  levelman. 

Elevations  an  Hiwassee  River  jram  Uiwasseef  Qa,,  to  AjnUuhiaf  N.  C. 


Dtotanoe 
In  miles. 


0.0 


.3 

.3 
.3 
.3 
.8 
1.6 


1.7 
1.9 
2.2 

2.2 
2.3 
2.3 
2.8 
3.4 
3.6 
3.7 
3.8 
4.8 
4.8 
4.8 


Hiwassee,  Towns  County,  court-house,  at  northeast  comer  of  front 
vestibide,  aluminum  tablet  marked  **  Atlanta,  1,984  " 

Hiddon  Bridge,  300  feet  north  of,  edge  of  county  road,  white-oak 
tree,  nail  in  west  side  of 

Hiddon  Bridge,  surface  of  water 

High  water 

Bridge  floor 

Town  Branch,  mouth  of,  surface  of  water 

25  feet  north  of  bridge,  20  feet  west  of  river,  point  on  bluff  rock. . 

Bridge,  surface  of  water 

B.F 

High  water 

Hog  Creek,  mouth  of,  surface  of  water 

Small  rapids,  surface  of  water 

Bell  Creek,  900  feet  north  of,  on  east  edge  of  river,  triple  maple  tree, 
nail  in  side  of 

Bell  Creek,  mouth  of,  surface  of  water 

Small  falls,  head  of,  surface  of  water 

Small  falls,  foot  of,  surface  of  water 

Surface  of  water 

Sally  Ford,  mouth  of,  surface  of  water 

Hog  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Gibson  Creek,  mouth  of,  surface  of  water 

Long  Bullet  Creek,  mouth  of,  surface  of  water 

Pendelton  Ford,  25  feet  northwest  of,  nail  in  side  of  dead  stump. . 

Surface  of  water 


Elevation 
in  feet. 


1,983.634 

1,882.30 

1,865 

1,882  . 

1,881 

1,862 

1,871.36 

1,857 

1,874.8 

1,876 

l,a55 

1,854 

1,854.14 

1,853 

1,851 

1,847 

1,838 

1,836 

1,833 

1,830 

1,829 

1,825 

1,838.20 

1,823 


u 


wnoL  mnmm  axp  ntmixi  or  ims. 


^lE 


iBlHt 


48 
&2 
&5 
&6 

ai 
11.2 

a4 
e.9 

7.2 
7.9 


as 
as 

as 

9 

9.2 

9.4 


10 
10 
10.8 
11.5 


11.8 
12.2 
12.6 

12.6 
12.8 
13.3 
13.6 
14 


Hii^wilir.......... ...•.•...., 

flneaini^  OnmIc,  moiitli  of,  wadmat  dt  wtfter. . 
Su&M  of  waler ».^ 


•  F<ifd»76  iBel  norllMiMliifflb  ht^wm^^nmd,maSLkk  t^ 


aaktvw 

15fBelttortliof  linVyiKMBlOBioelL...... 

SitffiMeiif  wftlir.....'..i. ^ «.... 

SliMiii,  month  dt  luiiMst  of  water. •*...«• 

JBoQlj^  l^oniy  15  fstt  Bor^  cf  livupi  fodi  UMTy  poinl  oii  vodk 

SitffiMe  of  water... 

8liootiBgOraek,iiiaiithof,«iilM0ofwater..l r.... 

BuBMdBiidlgayiioitlieMlftbiiteMii^^a&ilaiitepof*. 

6ri4B0  floor 

Hii^  water. 

-Fiordtmiftwft  of  water.;. ^-... 

Foid,aOfMlMiilhofted|lilMiaoi«^<ifiivar,iiail 

of  ditgwood  teea. ..«. *. 

Smfiiee  of  water 1 

Head  of  idaod 

Hyatts  ^11  Creek,  mouth  of,  surface  of  water. 

Herbert  Ford,  on  south  edge  of  river  at,  nail  in  side  of  birch  tree  . . 

High  water 

Surface  of  water 

Blair  Creek,  mouth  of,  surface  of  water. 

12  feet  west  of  river,  point  on  rock 

Surface  of  water 

Town  Creek,  mouth  of,  surface  of  water. 


Tusquite  Bridge,  250  feet  west  of,  on  edge  of  river,  nail  in  root  of 
birch  tree 


Bridge,  surface  of  water 

High  water 

Martin  or  Quail  Creek,  mouth  of,  surface  of  water. 
Surface  of  water 


Tusquitee  Creek,  mouth  of,  1^  feet  northwest  of,  10  feet  west  of 
river,  nail  in  root  of  birch  tree 


Surface  of  water 

Rapids,  surface  of  water I 

Below  rapids,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Martin  Ford,  125  feet  south  of,  on  west  edge  of  river,  a  fish  trap, 
nail  in  root  of  birch  tree 

Surface  of  water 


l.» 
1,880 
1,«9 

!,«.« 

i,ai 
i,m 

urn 

1,8M 
1,797 

l,«flL7 

1,94 
1,791 

l,9EB.m 

1,700 

1,7» 

1.787 

1,791.19 

1,799 

1,787 

1,787 

1,796.74 

1,782 

1,778 

1,778.90 

1,774 

1,794 

1,174 

1,773 

1,777.93 

1,771 

1,767 

1,760 

1,759 

1,757.7< 
1,756 
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Elevations  on  Eiwassee  River  from  Hiwaeaeey  Qa.,  to  Apalachiaf  N.  C, — Continued. 


Oifitance 
in  miles. 


14.8 

14.9 

I 

16  I 

16.4    ; 

I 

17  ' 
17.3 
17.5 

17.5 
17.7 
18.3 

ia8 ' 

19.1  I 

I 

19.4  : 

19.6 

20 

20 

20.5 

20.9 

21 

21.4 

21.5 

21.8 

22 

22 

22 

22 

22.2 

24 

24 

24.1 

24.7 

25.2 

26.2 

27.6 

28 

28 

29.5 

29.9 

30.4 


Surface  of  water 

Leatherwood  Ford,  25  feet  northwest  of,  nail  in  walnut  tree 

Surface  of  water 

AUbon  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Fires  Creek,  mouth  of,  surface  of  water 

Mountain  stream,  mouth  of,  surface  of  water 

Passmore  Ford,  east  .side  of  river,  in  center  of  ford  road,  nail  in  root 
of  gum  tree 

Surface  of  water 

Cloud  Fire  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Betty  Creek,  mouth  of,  surface  of  water 

Head  of  island,  surface  of  water , 

Sweetwater  Creek,  mouth  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Shallow  Ford,  15  feet  east  of  river,  nail  in  side  of  birch  tree 

Surface  of  water 

Surface  of  water 

End  of  island,  surface  of  water 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Surface  of  water 


Backwater  of  Cherokee  dam,  1,500  feet  from,  at  small  rapids,  sur- 
face of  water 


Top  of  Cherokee  dam,  surface  of  water 

Foot  of  dam,  surface  of  water 

Cherokee  dam,  25  feet  southwest  of,  point  of  rock 

Surface  of  water 

Canewater  Ford,  surface  of  wat<»r 

Rocky  Branch,  mouth  of,  surface  of  water 

North  edge  of  river,  nail  in  side  of  birch  tree 

Small  rapids,  foot  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Brasstown  Creek,  mouth  of,  surface  of  water 

Island  Ford,  700  feet  east  of,  south  side  of  river,  point  on  rock  . . . 

Peachtree  Creek,  mouth  of,  surface  of  water 

Horseshoe  Ford,  surface  of  water 

South  side  of  ford,  nail  in  side  of  beech  tree 

20  feet  north  of  river,  north  side  of  road,  point  on  rock 

Scott  Branch,  mouth  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 


Elevation 
in  feet. 


1,742 

1,749.19 

1,741 

1,741 

1,722 

1,712 

1,708 

1,709.84 

1,707 

1,700 

1,690 

1,685 

1,679 

1,673 

1,668 

1,667.14 

1,663 

1,659 

1,649 

1,642 

1,632 

1,629 

1,624 

1,625 

1,614 

1,616.59 

1,609 

1,606 

1,591.4 

1,594.79 

1,590 

1,586 

1,576 

1,566.56 

1,550 

1,549 

1,553.06 

1,548.70 

1,539 

1.529 
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flKXtitoiM  on  HiMxumf  River  from  Hiumseef  Oa.^  to  Apaiaehiaf  JV>  C. — CbQtmu«L 


31.3 
SL6 
3L8 
SS.1 

mi 

32.1 

mi 

22.5 

m.Q 

34 

34.9 
BBS 
35.3 

35,9 
36.5 
37 
37 

40.fi 

4L2 

42.6 

42.5 

42.  d 

44.1 

44.8 

44.8 

45 

46.2 

46.9 

48 

48.8 

48.8 

49.9 

50.4 


Martin  Creek,  nioiith  of*  £aurf&c«  of  wat^r 

Twin  bo*<^h  tpl^^  nail  in  root  tvf ,..,,.  ^ ..... , , 

Strr^ftin ,  muutfi  of,  surfa*^^  of  water. . . . 

Murphy,  Nh  C>,  iron  bridfe,  south  abutment,  potnt  on  rock. 

Surfaoe  of  water. 

Bridge  floor. , .._ 

High  water , . . . ,  ^  - 


VMltey  River,  mouth  of^  west  shore ^  2Q  feet  north  of,  m  water,  point 

ou  Wk,  ..,....,* .<.... 


Surf iu  I*  (if  wgTer, , , . ,,„..,,.....,...., 

Surf arf  of  wuler.  .*.,.......,...,,.,..,.,*..,,,,,,..,,,,-..... 

Snirfgfi*  ol  Vftt«r ^_.. ..,*.. ^..,,,.^, ,...*,. ^,... 

L*urt*)  Cii?ok,  Jtioulh  of»  surfnev  of  water. ...........,.,...,,,,., 

John^an  Fard^  8  foe  I  aoulh  of  river}  Dai)  in  root  of  birch  tree. . . .« . 

Surfact^  of  water. .,..,__,,_., ,,, .,».._.-,.. 

Higii  water. ...,,. 

Hanging  Do^  Creek,  mouth  «l,  surface  of  water. 

Surface  of  water , ._,, ^  . 

Nottelj  River^  tnouth  of,  mirf ace  of  water. ..-,,. 

On  land  projecting  tietwpen  the  two  rivcra,  birch  tree,  nail  in  root  of. 

Nottely  Hiveff  mouth  of^  south  side  of ^  willow  tiee^  uaO  in  root  of. 

Small  rapids^  surface  of  water .,._.__.. .,. 

Beach  C^teek,  mouth  of ,  surface  of  water ,,., 

Surface  of  wat^r ._....._,. ..._,. 

SbaUow  Ford,  40  feet  south w^t  of  ford,  honey-bee  treej  nail  in 
root  of .,„. 

Surface  of  water, .... ......__,,.. ....,_.......,.....,. 

Grape  Cit^k,  mouth  of,  surface  of  watiar ............ ,,,.,,*., 

Small  shoftk,  head  of,  surface  of  water ...................... 

Small  shoaifl,  surface  of  wuler,  foot  of , , , . . 

Surface  of  water. 

Persimmon  Creek,  mouth  of^  surf  ace  of  water. ,. , ^... 

Foot  of  large  ^ihoalfl,  point  on  rock ..__. _, 

Surface  of  water _ 

Head  of  m»aU  shiml.^  ^  surface  of  water ,*., .,_. 

Dennmt  Creek,  mouth  of »  surface  of  water .,_ ...,_._. 

Point  on  rock.,.. . , , 

Shoals,  miffacft  of  water. ..,..,. , , , 

Hol>ertiM:)n  Ferry,  100  feet  below,  point  on  rock _ , , , 

SuKocA  of  water _ ^ . . . .  ^  ^ . ..,,..,, 

Shoals,  surface  of  water. . .. , „, , 

Oreeky  mouth  of,  surface  of  water. ,, 


iDkN* 


1.^ 


.% 


.m 
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Elevations  on  Hiwassee  River  from  Hiwassee,  Oa.,  to  Apalachiaf  N.  C. — Continued. 


Distance  | 
iomiJes. 


I 


50.6 

51.2 

51.2 

51.8 

52.5 

53 

53.9 

51.3 

51.3 

M.8 

55.2 

56.9 

57.9 

58.5 

58.5 

58.5 

58.6 

58.9 

59.7 

60.8 

61.1 

63 

64.2 

65 

65 

65.2 

65.2 

66.8 

66.8 
66.8 


Elevation 
In  feet. 


Surface  of  water 

Chambers  Creek,  mouth  of,  surface  of  water 

20  feet  north  of  bank,  point  on  rock 

Opposite  island,  surface  of  water 

Beaverdam  Creek,  mouth  of,  surface  of  water 

Opposite  island,  surface  of  water 

Lared  Creek,  mouth  of,  surface  of  water 

Shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Surface  of  water 

Rapids,  surface  of  water 

Anderson  Creek,  mouth  of,  surface  of  water 

Surface  of  water  (15  feet  above  low  water) 

Shallow  Ford,  40  feet  south  of,  nail  in  root  of  gum 

Surface  of  water 

High  water 

Foot  of  small  shoals,  surface  of  water 

Shoals  Creek,  mouth  of,  surface  of  water 

Foot  of  small  rapids,  surface  of  water 

Stream,  south  of,  surface  of  water 

Cane  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Camp  Creek,  mouth  of,  surface  of  water 

Kilpatrick  Feny,  12  feet  south  of,  willow  tree 

Surface  of  water 

Taylor  Ferry,  60  feet  northwest  of,  edge  of  bank,  point  on  large  rock. . 

Surface  of  water ._ 

Apalachia,  N.  C,  Sular  Creek,  mouth  of,  100  feet  from  post-office, 
5  feet  feet  north  of  bank  of  river,  triple  willow  tree 

Surface  of  water 

High  water, 


329 

324 

327.94 

318 

304 

296 

290 

285 

277 

269 

259 

248 

240 

239.67 

234 

241 

227 

227 

218 

198 

195 

178 

175 

175. 14 

172 

169.58 

166 

161.58 

158 

168 


NOTTELY  RIVER  BELOW  BLAIRSVILLE,  GA. 

Nottely  River  was  surveyed  from  its  mouth,  3i  miles  below  Mur- 
phy, N.  C,  to  Blairsville  Bridge,  near  Blairsville,  Ga.,  a  distance  of 
38  miles.  In  that  distance  there  is  a  fall  of  314  feet.  A  line  of 
secondary  levels  was  run,  based  on  a  primary  bench  mark  of  the 
United  States  Geological  Survey  at  Hiwassee,  Ga.,  and  the  field 
sheets  were  plotted  on  a  scale  of  1 :  22,500.     During  the  course  of  the 


m 


RIVKR    SUKVEYS    AND 


tito.  Hi 


survey  30  bench  maj'ks  were  established  and  88  water-surface  eleva- 
tions obtained. 

Onf^  mile  above  the  mcjuth  of  the  river  is  a  24-foot  shoal  1  mile 
long,  whery  there  m  an  excellent  solid  rock  dam  site.  At  tliis  place 
a  dam  woidd  be  200  feet  long.  Tliree  and  one-fourth  niile^j  farther 
up,  at  Hall  Ford»  there  is  a  shoal  with  a  fall  of  33  feet  in  1|  iniles, 
with  good  bottom  and  good  sides.  A  dam  would  be  about  ^0  fmi 
long,  ^ 
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MOen      35  30  25  20  15  10  5 

Fio.  15.— Profile  of  Nottely  River  below  BlairsvfUe,  Oa. 


L250 


For  9  miles  above  this  point  the  bottoms  widen  and  are  culti- 
vated on  either  side  for  most  of  the  distance.  The  fall  in  this  sec- 
tion is  a  little  over  3  feet  per  mile. 

One  mile  below  Laudermilk  Ford  there  is  a  shoal  with  a  fall  of 
10  feet  in  three-fourths  of  a  mile  where  a  dam,  with  a  length  of  200 
feet,  could  be  built. 

At  Thompson  Bridge,  at  the  foot  of  a  46-foot  shoal,  3  miles  long, 
is  an  excellent  dam  site.  From  Weazel  Creek  to  Morgan  Ford,  5i 
miles,  the  river  has  a  fall  of  40  feet,  and  there  are  two  or  three  suit- 
able sites  for  small  dams.  At  Watkins  Bridge  there  is  a  4-foot  dam 
using  all  the  available  power  to  operate  a  gristmiU. 
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From  here  to  Blairsville  Bridge,  the  end  of  the  survey,  the  river 
J  very  much  smaller,  with  a  few  small  shoals,  which,  however,  do 
ot  seem  worth  developing. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
larked  "  1892  Atlanta '^  in  the  foundation  wall  at  northwest  comer 
f  Union  County  court-house,  Blairsville,  Ga.,  the  elevation  of  which 
}  accepted  as  1,891.536  feet  above  mean  sea  level.  The  leveling  is 
djusted  with  the  Hiwassee  River  flying  levels  to  accord  with  the 
903  adjusted  elevation  of  primary  bench  marks  at  Blairsville  and 
liwassee. 

The  leveling  was  done,  under  the  direction  of  Carroll  Caldwell, 
ield  assistant,  by  T.  B.  O'Hagan,  levelman. 

ElewUians  on  NoUdy  River  from  its  mouth  to  Blairsville,  Ga. 


DisUooe 
inmOes.  i 


0.0 

.0 
.3 
.3 

1 

1 

1 

13 

1.5 

1.5 

1.8 

1.8 

2 

2.3 

2.4 

2.6 

2.9 
2.9 
2.9 
4.2 
4.2 
4.9 
5.2 
5.4 
5.6 
5.5 
$.5 


Junction  of  Nottely  and  Hiwassee  rivers,  on  point  of  peninsular, 
nail  in  side  of  birch  tree 


Surface  of  water 

At  lower  ford,  surface  of  water 

Seventy-five  feet  north  of  lower  ford,  nail  in  root  of  hickory  tree. . 

High-water  mark 

Upper  ford,  50  feet  south  of,  nail  in  root  of  oak  tree 

Surface  of  water 

Surface  of  water 

Surface  of  water . 

Surface  of  water 

Deep  Ford,  25  feet  north  of,  nail  in  root  of  black  oak 

Surface  of  water 

Surface  of  water 

High  water 

Head  of  shoak,  surface  of  water 


Elevation 
in  feet. 


Surface  of  water,  rain  during  night  raised  1.3  feet  (lower  water 
surface,  1 ,492.67  feet ) 


Hall  Bridge,  20  feet  west  of,  nail  in  side  of  apple  tree 

Surface  of  water 

High  water 

Davis  Ford,  20  feet  northwest  of,  nail  in  side  of  maple  tree 

Surface  of  water 

Surface  of  water,  on  rock 

Mouth  of  Coombs  Creek,  surface  of  water 

Surface  of  water 

Hall  Ford,  north  edge  of  river,  nail  in  side  of  water  birch  tree. 

Surface  of  water 

Hig^  water. ..,.,...,.. 


1,459.40 

1,454.52 

1,459 

1,466.77 

1,471 

1,474.59 

1,467 

1,477 

1,472 

1,478 

1,487.56 

1,483 

1.489 

1,499 

1,491 

1,493 

1,500.20 

1,493 

1,503 

1,504.43 

1,499 

1,502 

1,505 

1,505 

1,513.02 

1,505 

1,521 
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Elevatwn*  on  NotUly  River  from  iU  nuouiA  to  Blairft^ilh^  Gtt. ^^onUn^jvd. 


1>  DtotAlKW 


a0 
6 

a  a 
f 

7 A 

as 

1L5 

U*£ 

IL7 

12 

12 

12 

12.2 

12.9 

ia.3 

13.3 
14.2 

1S>1 
15.4 

lS.d 

m 

16.8 

16.8 
16.8 
17.2 

17.7 
17.8 
17.8 


Mouth  of  branch,  surface  t>f  water ^,_ , 

Surface  of  water , , ,  ^ , 

Surface  of  waler ,..,,,-.., -... *,.,.,,, 

Opposite  island ,  surface  of  water, .-,-.-.,,, „ 

MiHJih  of  Rocky  Branch,  mirface  of  water.  _ . , 

Nyar  old  mill ,  isurface  of  water,  _ , , , . 

Surface  of  water ,,,,-, ,  * 

N^ttely  Hrid|^,  ljf9]0  feet  rmfth  of,  In  dd  field  near  bam«  nail  in 

side  of  porsirninon  Ipwj.  ..,.,-.,,,-.,.  *  ,»,.»,,,,,.*.., 

\routh  of  hruEich ,  i^urfao*  of  wat^r. ...,....»-....,,,,, .  _ , , 


Nott^lv  Brtdgiv  100  feet  wcBt  of,  5  feet  Houth  of  road,  nail  in  side  of 
black  oak  tree - . . , , , .. , . . 


Surface  of  water . ...,. _ .., 

SurfaciT  of  water ,- ..., ,--.^,, 

Mmilli  of  Jolin^ti  Brands »  aurfaot  of  water. -*,,,,... 

Surface  of  watiir .  ,..**.****».*...,* ---.._ 

Jack  C-d'ok,  'M)  feet  aouti*  of,  in  U^nd  of  river,  GOO  feet  w«st  and 
iWt)  fi?ct  north  of,  i«  caniil«*ld,  nail  in  mot  of  dead  pc^ach  trtso 

Surface  of  Wttter. ,..,,_..,........,..._...._,...._,,_, 

Surfaw  of  water  ..*.,.,.,,,,.....,,,, » ,,,*,,.,,-_. 

Andersrtn  BKdge^  50  feet  west  of,  nail  in  side  of  sjemmon;  tree 

Surface  of  water _.,....-.-. ^ ,......, . ..,.,,.., 

High  water. ....... , ,. .^ ^. 

Surface  of  water. . . .  _ , - . , . ,,,,,,*,. 

Mouth  of  branch ,  surface  of  water .....^,,. 

Ford  (hm  no  name ) ,  20  feet  northeast  of,  uaiJ  in  side  of  birch  atump . . 

Surface  of  water , ^  ,,,.., , 

High  water , . , . 

Surface  of  water - 

Surface  of  water. , 


Laudemiilk  Ford,  1.4  miles  Wlow,  opposite  old  (Uh  dam.  50  feet 
of  river,  near  smdl  branch »  nail  m  root  of  black  oak  tree. . . 


Surface  of  water, , , ,,.,,. * .  - 

Surface  of  water ^.., .,,.* ....,^....^*....,* 

Lnude^rmilk  Ford,  100  feet  southwest  of,  20  feet  north  of  mad,  nail 
in  root  of  apple  tree,, . . 

Surface  of  water, , , , 

High  water, ,,.,., , , , 

Mouth  of  Butler  Croek,  surface  of  water* ., _ 

Below  fish  dam,  surface  of  wnter, . , ,  -  * , , , 

Mouth  of  Moccasin  Creek,  surface  of  water 


HlffiUn 


Moccasin  Creek,  200  feet  sotith  of,  35  feet  east  of  river,  cast  side  of 
road^nailin  root  of  red  oak  tree,,,. 


1,512 

Km 

1,535 

i,m 

1,542 

1,544 

l,mil^ 

1,^44 

1,547 

1,548 

IrSSl 

1,5N 

1,555 

1,565.7 

1,556 

1^575 

1,560 

1,561 

1,574.0 

1,562 

1,577 

1,565 

1,5(18 

1,586.7 

1,573 

1,580 

1,598,1 

1,583 

1,599 

1,585 
1,587 
1,588 

1,002.8 


Elevations  on  NoUdy  River  from  its  mouth  to  BlairsmUe,  Ga. — Continued. 


Distonoe 
in  mitoe. 


18.5 

lae 
ia9 

lag 
lag 

19.1 

19.6 

20.2 

20.4 

20.8 

21 

21.4 

21.4 

21.4 

21.8 

21.9 

22.6 

23 

23.6 

23.8 

23.8 

24.2 

24.2 

24.2 

25 

25.2 

25.2 

25.5 

25.8 

26.3 

26.6 

26.6 
26.8 
26.8 
26.8 
27.3 
27.3 
27.5 
27.8 


Mouth  of  branch,  surface  of  water , 

Mouth  of  Doolej  Creek,  surface  of  water , 

Thompson  Bridge, 250  feet  south  of,  100  feet  southeast  of  road,  nail 
in  root  of  red-oak  tree 


Surface  of  water 

High  water. 

Surface  of  water 

In  shoals,  surface  of  water 

Above  fish  dam,  surface  of  water 

Head  of  fish  dam,  surface  of  water 

Foot  of  island,  in  shoals,  surface  of  water. 
Surface  of  water 


Chapman  Ford,  150  feet  north  of,  2  feet  cast  of  road,  nail  in  root  of 
walnut  tree 


Surface  of  water 

High  water 

Just  below  fish  dam,  surface  of  water 

Mouth  of  Camp  Creek,  surface  of  water , 

Above  shoals,  surface  of  water 

Mouth  of  Weasel  Creek,  surface  of  water , 

Mouth  of  branch,  surface  of  water , 

In  shoals,  surface  of  water 

Chamber  Ford,  0.4  mile  northeast  of,  northwest  side  of  river,  point 
on  edge  of  rock 

Chamber  Ford,  200  feet  west  of,  nail  in  root  of  walnut  tree 

Surface  of  water 

High  water 

Above  small  shoals,  mlrface  of  water 

Chastain  Ford,  50  feet  west  of,  nail  in  side  of  walnut  tree 

Surface  of  water 

Foot  of  laige  shoals,  surface  of  water 

Mouth  of  Ivylog  Creek,  head  of  shoals,  surface  of  water 

Near  house,  surface  of  water 


Majners  Ford,  75  feet  west  of,  on  edge  of  bank,  nail  in  side  of  corn- 
bean  tree 

Surface  of  water 

Meadow  Ford,  15  feet  north  of,  nail  in  root  of  beech  tree 

Surface  of  water 

High  water 

Huggins  Ford,  25  feet  north  of,  com  bean  tree,  nail  in  side  of 

Surface  of  water 

Shoals,  surface  of  water 

Surface  of  water 


Elevation 
in  feet. 


1,591 
1,591 

1,611.01 

1,592 

1,601.53 

1,599 

1,611 

1,017 

1,619 

1,624 

1,630 

l,64i5.81 

1,634 

1,644 

1,638 

1,639 

1,652 

1,655 

1,656 

1,657^ 

1,675.88 

1,671.49 

1,661 

1.678 

1,669 

1,683.45 

1,669 

1,675 

1,680 

1,685 

1,690.8 

1,687 

1.699.17 

1,689 

1,703 

1,707.82 

1,692 

1,694 
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«s 


snrxB  euKvxvt  ahd  n»fii.»i  <Mr  ims. 

<M  N^Mm^  MUwtt  pQW  ill  mmm  in  J 


^I& 


^.9 

sa4 
» 

29.1 
39.4 

ao 

ao.8 

aas 

99.8 
81.1 
3L4 
3L4 
31.5 
31.9 
31.9 
3L9 

32.2 

33 

33.6 

33.6 

33.6 

33.6 

34.5 
34.5 
35 
35.9 

35.9 
35.9 
37.2 


Above  ahoab,  wifaM  oC  walsr. 
IfoiSMi  Fold,  49 IM  north  of y 
SuffMO  of  wiler.  ...••••••....••»••• . 

Ilkmth  of  Toong  CkM  CkMk,  flnlbeo  of 

IfUithofCbiikifeCkMkyWilbooofwiter. 

OMile  OkMk,  1^009  Ibel  aboivi^y  on  look,  odlg^ 

AJboToniiidiyWilaooofwilor. 

Ibofvv  fifh  dull,  wifaoo  of  Utttor. ....' 

libB6eFQtd,69fMiiortli<iiiaiiiiidBofndoftk... 

AiKVvo  biMidiy  wilaM  of  Utttor. 

MdalliofBooQeOtwk,«ii!aMQfwBter.. 

YoungiFotd,  89  fait  aouthwiBBt  <il,  ied"Oak  two , 

MiDbomCPMi^jiiitbdoWyWilaMof 

Atauial,8arfiioeof  fftttoralfootof...^... 

Hoftdof  o«D«l,fliiilieeofwBtor. 

Ckatl  out,  W  IbH  noftiwttrt  of  riv«r,  15 IM  ooBlin^ 
in  root  of  red-oak  tree  (ctit  has  a  drop  of  8.6  feet}.: 

Above  small  rapids,  surface  of  water 

Mouth  of  creek,  surface  of  water 

Watkins  Bridge,  375  feet  above,  north  edge  of  river,  point  on  rock . . . 

Surface  of  water 

Jarrett  milldam,  foot  of,  surface  of  water 

Jarrett  milldam,  head  of,  surface  of  water  (Jarrett  milldam  has  a 
drop  of  3.79  feet ) 

Reeds  Ford,  150  feet  east  of,  nail  in  root  of  walnut  tree 

Surface  of  water 

Above  small  rapids,  surface  of  water 


I  Blairsvillc  Bridge,  100  feet  southeast  of,  mouth  of  Butternut  Creek, 
I       15  feet  north  of,  nail  in  side  of  red-oak  tree 


Surface  of  water 

High  water 

Blairsville  court-house.  Union  County,  Ga.,  in  wall  on  west  side  of 
I       building,  bronze  tablet 


1,» 
1,7H 

i,« 

1,70» 

1,7I4:» 

1,715 

1,718 

1,734.87     I 

1,721 

1,723 

1,724 

i;741.02 

1,727 

1,799 

1,732 

1,735 

1,741.26 

1,739 

1,743 

1,747.54 

1,747 

1,748 

1,752 
1,766.24 
1,755 
1,760 

1,775.94 

1,769 

1,783 

1,891.536 


TOCCOA  RIVER  BELOW  DIAL,  QA. 

Toccoa  River  was  surveyed  from  Butts  Bridge,  3  miles  east  of  Dial 
Ga.,  to  the  Tennessee  State  line,  near  McCays,  Tenn.     In  the  36  miles 
surveyed  there  is  a  fall  of  414  feet.     A  line  of  secondary  levels  was  run, 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
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Survey,  three-fourths  of  a  mile  northeast  of  Butts  Bridge.  The  field 
sheets  were  plotted  on  the  scale  of  1 :  22,500,  and  during  the  course  of 
this  survey  27  bench  marks  were  established  and  94  water-surface 
elevations  were  obtained. 

Toccoa  River  flows  in  a  northwesterly  direction,  and  after  crossing 
the  Tennessee  State  line  is  known  as  Ocoee  River.  Between  Pigeon 
Creek  and  Dial  Bridge  there  is  a  shoal,  with  a  fall  of  21  feet  in  1 J  miles. 
There  are  good  foundations  for  a  dam  250  feet  long. 

From  upper  Big  Creek  to  Shallow  Ford,  3  miles,  there  is  a  fall  of  55 
feet  in  an  almost  continuous  shoal.  There  are  several  available  power 
sites,  and  building  material  is  easily  accessible.     From  Shallow  Ford 
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Flo.  16.— Profile  of  Toccoa  River  below  Dial,  Ga. 
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to  Wilscot  Creek,  1\  miles,  the  river  has  an  average  fall  of  18  feet  per 
mile.  There  are  several  excellent  sites  where  there  is  hard  rock  on 
either  side. 

From  Wilscot  Creek  to  Charlie  Creek  there  is  an  average  fall  of  14 
feet  per  mile,  with  several  fine  shoals  having  steep  hills  and  good  hard 
bottom. 

Eleven  miles  down  the  river,  at  Galloway,  Ga.,  there  is  a  shoal  with 
afall  of  lOfeetin  half  a  mile.  This  would  beagood  site  for  asinall  dam. 
From  one-half  mile  below  Galloway  to  McCays,  Tenn.,  6  miles,  the 
river  has  a  fall  of  60  feet,  with  several  good  power  sites. 
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Tlie  ^ferstiiHis  in  the  foUowing  list  are  bued  upo&  an  almninom 

tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta,  marked  *'1050  M  C/^  the  elevation  of  which  is  now 
accepted  as  1,049,546  feet  above  mean  sea  leveL  They  accord  %itb 
the  IWli  ndj lifted  elevations  of  primary  bench  marks  near  iloiptntou 
and  Shallow  Ford-  The  section  from  Shallow  Ford  to  McCavs  Veny 
is  a  single  spur  line. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell ,  field 
assistani,  by  T,  B.  O'Hagan,  levelman.  j 
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ha 

2 

2 

3.1 

3.1 

3  1 

4 

4 

4.2 

4.2 

4.7 

5.2 
5.2 
5.7 
5.9 

e.1 

6-4 
6.4 
7 
7.1 


UorpmUm  (3  milM«flst  of  Dial),  (arkA  of  MoiT^nbnn  mid  Ell^Ajr 
miuli  iti  Icirge  niarbk  rock,  coppor  bolt  marked  ' '  li^l  ^* . . , . . ««, 

Bui(^  Bridge,  surface  of  watijr .-...,.-..,,,»,,,*»,. 

ButU  Bridge^  east  md^  of^  htu\  in  tap  of  (ibutmiii^l ,. 

Hjgli-wat<5r  maik,. .«.»•«..«. , .......  -'^Jlw 

Figfon  Cm)k,  550  tot  WtiA  dt,^tar^  flide  of  t<]«8^  wAli^riMl  of 
nver,  p&iai  on  McJk.,.»«, , 

Mfmth  of  Plg^in  Cre«ik^  Mirfooc  of  water 

Between  rapids,  surface  of  water,  ^-^.^j.^-^ 

Foot  of  shoaL*!^  surfn^  of  water ,  ^ 

Mouth  of  Weeks  Creeks  foot  of  rapidB,  surface  of  wat4»r. 


■^^  S*  -^*^  t^  V!-^  " 


i 


Dial  poet^-officCf  Van  Zant'&  bridge ^  100  feet  north  of,  easi  aide  of 
roadj  nail  in  root  of  red-oak  tree _ 


1,947.821 

1,8SS 

1,874/25 

l,8S8,:t5 

i,Sifi 

1,840 
1.830 

1,844.68 

l,g2g 

1,851 

1,£23 

1,S21 

1,S25-14 

1,815 
1,813 

1,817.74 

1,810 

1,809 

1,802 

1,799 

1,795 

^  1,790 

1,782 

Shallow  Fonl,  I  mile  north  of,  north  side  of  road,  in  lai^^  roek,  cop- 
per bolt  marked   *  1869". -, .-,..1  1,826.439 


Surface  of  water , , 

Higb-wat«r  mark. - , , , . 

Mouth  of  Noontootly  Ctrok,  surface  of  water.  .*. 

Mouth  of  branch ,  surface,  of  water. ....-.....,., 
Rogers  Ford^  50  feet  west  of^  nail  in  root  of  tii^. 
Stirfsce  of  water.,,..,.-,.,*,, .,--., 

Surface  of  water,,..,,,.,. ,.,..., ..,. 

In  rapids,  surface  of  water 


Big  Creek  Ford,  225  fwt  soutbcasi  of,  50  feet  south  of  river,  nail  in 
root  of  white-tMik  tree....,..,...,., ,,,,,,,. ,, ,,,,,, 


Surface  of  water. ,.- 

In  rapids,  surface  of  water , . , 

Above  rapidn,  ^urfo^re  of  water,.,. 
Below  fish  dain^  surfaee  of  wat&r. 
Head  of  shouLs^  surface  of  water, . 
Foot  of  flhoab,  surfaee  of  water,,, 

Surfaee  of  water , , . 

Surface  of  water. , 
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levations  on  Toceoa  River  from  Butts  Bridge,  Georgia,  to  Tennessee  Strte  line — Continued. 


>istanoe 
a  miles. 


Single  flying  level  spur  line  to  MeCays  Ferry, 

7. 1  Below  rapids,  surface  of  water 

7. 6  In  rapids,  surface  of  water , 

8. 1  Shallow  Ford,  100  feet  north  of,  nail  in  root  of  red-oak  tree 

8. 1  Surface  of  water 

8. 1  High-water  mark 

8. 3  In  rapids,  surface  of  water 

8. 6  Surface  of  water 

8. 8  Mouth  of  Stanley  Creek,  surface  of  water 

9. 1  Rapids,  surface  of  water 

9. 3  Mouth  of  stream,  surface  of  water.  

9.  5  Below  rapids,  surface  of  water 

9. 9  Stanley  Creek,  1  mile  northwest  of,  opposite  island;  north  side  of 

river,  point  on  rock 

10  In  rapids,  surface  of  water 

10. 2  Opposite  falls  in  river,  50  feet  north  of  first  falls,  point  or  large  rock. . 

10. 2  Head  of  falls,  surface  of  water 

10. 2  Foot  of  falls,  surface  of  water 

10. 7  Mouth  of  hranch,  surface  of  water 

11  Below  rapids,  surface  of  water 

11.2  Mouth  of  Flat  Creek,  surface  of  water 

11.5  In  rapids,  surface  of  water 

11.6  Surface  of  water 

11.8  Head  of  long  shoals,  surface  of  water 

11. 8  Rock  cliff,  south  side  of  river,  opposite  large  shoak,  point  in  side  of . 

11.9  Head  of  island,  in  shoals,  surface  of  water 

12  Foot  of  island,  in  shoals,  surface  of  water 

12. 9  In  shoals,  surface  of  wat«r 

13. 3  Foot  of  large  shoaLs,  surface  of  water 

13. 4  Below  rapids,  head  of  more  shoals,  surface  of  water 

13. 4  In  rapids,  surface  of  water 

14  Foot  of  shoals,  surface  of  water 

14. 6  Mouth  of  Persimmon  Creek,  surface  of  water 

14. 6  Persimmon  Creek,  300  feet  east  of,  west  side  of  river,  nail  in  root  of  , 

large  dead  stump 

14. 7  Below  fish  dam,  surface  of  water 

15. 2  Mouth  of  stream,  surface  of  water 

15.  4  Mouth  of  Wilscot  Creek,  surface  of  water 

15. 8  In  shoals,  surface  of  water 

16      ;  Foot  of  shoals,  surface  of  water 

16. 8  ;  In  rapids,  surface  of  water 


Elevation 
in  feet. 


1,779 

1,769 

l,774.9;i 

1,763 

1,774 

1,758 

1,755 

1,752 

1,747 

1,743 

1,738 

1,738.77 

1,729 

1,744.02 

1,728 

1,719 

1,717 

1,709 

1,705 

1,691 

1,690 

1,689 

1,692.11 

1,679 

1,677 

1,665 

1,659 

1,656    . 

1,646 

1,640 

1,633 

1,638.06 

1,629 

1,624 

1,624 

1,616 

1,609 


t$.9 
17.1 
17.3 
17,3 
17  ft 
lg.2 

laa 

l&S 


ID 

21.  S 
21.6 

22 

32.4 

22.4 

22.  Q 

23.  a 

23.9 
23.9 
25,2 
2fi.5 

2a.  5 
25.5 
2a.6 
29.8 

26.8 

28 

2S.3 

28.8 
29.6 
SO 


WllioatG^k,  1.5  nule»  northwest  Qf,  rock  clUT,  IS  fe«t  north  of 
livarr  point  on  v«ry  laip?  rook, ,,,,,,,,^,,,.,,*,,,,....^..-. 

^  vboftlti  surface  of  w&t<or_..,^4««.,,«.»_*,«,«,,,p.*«^ ,....,. 

Foot  of  ahoalii,  ^urfacc^  af  «mt«r ,,„,,,,.,.. 

Tarploj  Ford,  aurffle**  of  witter. ............. ..-..., 

T&rpky  Ford>  20  feet  wvst  of,  niiJ  m  nxst  ol  hm^Xt  inw  , .  ,^^..«*«. 

Id  rapida,  surf ar*  of  wal^r. ......... . ^  _ . 

Mouth  of  cpt?ek,  auriftc«  of  watar -. 

Surface  of  wateir**  — _.--*-,---*,** . --. 

Mouth  of  cre<*k, miifioe  of  vmtier, .,_.... 

Mouth  of  Builfit^  Creok,  surface  of  water ^ ^.^,. 

8urfa4»  of  wmtar. ^...^ .,...«.:....,«*««.««.'.*^..*.h...^. 

jlMlhofCbihHiflOMkfim^uieclfmtiir....... ,,.. 

loilp^Dod  Ford,  300  ieet  northeast  of,  uail  In  side  of  walnut  tnw  ... 

%||ie»o|mt«r , ,„ 

Hlg^Mrat^r  murk. ---, 

Mouth  of  Star  Creek,  »urfaoe  of  water. ....*.»,,^.«>,.p«^, 

Below  IMi  dam,  surfaoe  of  W8t«r.... ^-. .., 

Mouth  of  Rogi^rs  Bfaiich^  surface  of  water.,...,,...* * , 

Toc^cni  Bridge,  surface  of  water  .....,,,.*...,... ......,,^ 

Toocoa  Bridge,  10  feet  eaitt  of,  nail  in  root  of  beech  tree  ... , . . . , 

Mouth  of  spring  stream,  surface  of  water.. .,....,..-...,..-, 

Below amall  rapids,  surface  of  water* ,..,.., .,,.,. , 

Mouth  of  Weavers  Ct^ek^  surfarw  of  water.,.., ...., 

At  Benchlog  Ford,  surface  of  wfiter  .., .,,. 

Benching  Ford,  20  fwt  nortboaat  of,  xm\\  in  side  of  beech  tose  . . 

Lars^  bend  m  ri^er,  surface  of  water . ._.__, 

AtlantAt  Kno)rville  and  Northern  Rfulrood  bridge,  e«itjaide  of  bridg|& 

abutment,  point  ou  rock. ,,...... .,. .,. 

Surface  of  wnler . , , 

High*waier  mark ._. , , 

Mouth  of  branch,  surface  of  water,... .,... 

Uart4  Ford,  100  feet  west  of,  stump  on  edgie  of  bank  at  canoe  land-  I 
ing,  natJ  in  side  of , . . , 

Surface  of  water. __. 

Surface  of  water ..._.,... 


Baker?  Ford,  100  feet  southpai^t  of,  on  edge  of  bank,  nail  in  side  of 
bSrch  tree,, .... ....,,,_.... - 


Surface  of  water. . ........ 

Surface  of  water. . . .,...,., 

Bend  of  river,  surface  of  water. 


l,fll» 
1,566 

i,m 
\,m 

1,576 
1,571 

IpfiSP 

l,5R5 

l,fiN 

hsm 

1,560 
1,MS 
1,547 

i,5ia 

1,557  64 

1,540 

\,Bm 

1,538 

1,538 

1,543  47 

1,528 

* 
1,536,73 

i,sa6 

1,541 
1,519 

1,521.90 

1,516 

1,510 

1,515 
1,507 
1,.WI 
1,502 
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Elevations  on  Toccoa  River  from  Butts  Bridge,  Georgia,  to  Tennessee  State  line — Continued. 


Distance  i 
in  miles.  I 


30.2 
90.9 
30.9 

31.2 
31.5 
32.1 

32.1 

32.5 

32.8 

33.7 

34 

34.5 

34.6 

34.6 

35 

35.4 

35.8  j 

35.8 
36.1  I 
36.3  > 
36.3 
37.5 

37.5 

37.5 
.>7.5 


Single  flying  lei^el  spitr  line  to  McCays  Ferry — Continued. 

Surface  of  water 

Mouth  of  Sugar  Creek,  surface  of  water 

Sugar  Creek  railroad  bridge  abutment,  point  in  center  of  east  side 
of  bridge 

Below  Galloway  Ford,  surface  of  water 

In  shoals,  surface  of  water 

200  feet  northwest  of  ford,  4  feet  southeast  of  Atlanta,  Knoxvillo 
and  Northern  Railroad  track,  nail  in  side  of  peach  tree 

Surface  of  water 

Canoe  Landing,  surface  of  water 

Hothouse  Creek,  mouth  of,  surface  of  water 

Foot  of  small  shoals,  near  island,  surface  of  water 

Mouth  of  Barker  Creek,  surface  of  water 


Kyle  post-office,  600  feet  east  of,  Atlanta,  Knoxville  and  Northern 
Railroad  bridge  over  Barker  Creek,  on  southeast  end  of,  end  bolt. . 

Kyle  post-office,  40  feet  south  of,  in  front  of  Queen  Brothers*  store, 
pile  supporting  platform,  nail  in  top  of 

Kyle  ford,  surface  of  water 

Below  rapids,  surface  of  water 

Mouth  of  Wolf  Creek,  surface  of  water 

Atlanta,  Knoxville  and  Northern  Railroad  bridge  over  Ocoee  River, 
east  side  of  bridge,  point  on  abutment 

Surface  of  water 

In  bend  of  river,  surface  of  water 

Dillbeck  Ford,  north  edge  of  river,  nail  in  side  of  dead  birch  tree . . . 

Surface  of  water 

McOays  post-office,  Polk  County,  Tenn.,  rock  supporting  southwest 
comer  of,  point  on 

McCays  Ferry,  north  side  of  river,  pile  supporting  swinging  bridge, 
cartridge  shell  in  top  of 

High-water  mark 

Surface  of  water 


Elevation 
in  feet. 


1,498 
1,494 

1,508.32 

1,592 

1,589 

1,562.69 

1,484 

1,479 

1,476 

1,467 

1,464 

1,482.43 


1,483.62 

1,463 

1,458 

1,45,5 

1,471.98 

1,452 

1,450 

1,451.87 

1,447 

1,468.07 

1,460.15 

1,469 

1,444 

CHIPPEWA    RIVER    FROM    REEDS    LANDING,    MINNESOTA,    TO 

FLAMBEAU,  WIS. 

Between  April  15  and  June  12,  1903,  J.  R.  Ellis,  field  assistant, 
ran  a  careful  double-rodded  primary-level  line  along  the  Chippewa 
River  from  Reeds  Landing,  Minnesota,  to  Chippewa  Falls,  Wis.  This 
work  was  under  the  general  direction  of  J.  H.  Renshawe,  geographer 
in  charge  of  the  central  section  of  topography.  I^ater  in  t!ie  year  it 
was  decided  to  continue  this  work  above  Chippewa  Falls,  and  on 
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September  1  the  central  and  eastern  sections  having  united  n&  the 
eastern  s^fTtion  of  topoj^rapliy,  H.  M.  Wilson,  geographer  in  cliargt*, 
assigned  F,  1\  Fitch,  field  assistant,  to  this  work.  Between  tbit 
date  and  October  4  Mr.  Fitch  ran  a  line  of  flying  levels  accompaiiie<i 
by  a  plane-table  stadia  traverse  and  topographic  sketching  Irom 
Chippewa  Falls  to  Flambeau,  Wis. 


Fio.  17.— Map  showing  location  of  surveys  in  Wisconsin. 

This  level  work  is  based  on  a  bench  mark  of  the  Mississippi  River 
Commission  at  Reeds  Landing,  and  the  distances  were  obtained 
by  pacing.  No  plane-table  survey  of  the  river  was  undertaken. 
In  this  section,  64  miles  in  length,  there  is  a  fall  of  135  feet.  Eleven 
bench-mark  tablets  and  70  temporary  bench  marks  were  established, 
and  72  water-surface  elevations  were  determined. 

While  the  survey  was  being  made  the  stage  of  the  river  fluctuated 
greatly,  owing   to  rains  and    to   alternate   flooding   and   stoppage 


""ii^ivT!"*]  CHIPPEWA    RIVER.  99 

of  the  stream  by  various  lumber  companies.  This  diversion  of  the 
water  is  the  cause  of  much  complaint  by  the  various  mill  owners, 
many  of  whom  want  a  system  of  reservoirs  constructed  near  the 
headwaters  to  regulate  the  water  supply. 

Owing  to  the  slight  fall,  the  width  of  the  stream,  and  the  wide 
bottom  lands,  there  are  no  opportunities  for  power  development 
upon  the  Chippewa  above  Reeds  Landing  until  the  city  of  Eau  Claire 
is  reached. 

On  Eau  Claire  River,  a  few  hundred  feet  above  its  junction  with 
the  Chippewa  at  Eau  Claire,  is  a  13-foot  dam  300  feet  long,  which 
furnishes  power  for  a  linen  mill.  A  few  miles  above  the  city  of 
Eau  Claire  on  Chippewa  River  the  Dells  Paper  Company  has  a  20- 
foot  dam  which  might  be  raised  3  or  4  feet  by  the  use  of  dashboards. 
There  are  no  power  sites  on  Chippewa  River  until  the  city  of  Chip- 
pewa Falls  is  reached,  but  there  are  good  prospects  of  developing 
power  on  several  of  the  tributaries  between  these  cities. 

From  Chippewa  Falls  to  Flambeau  the  stadia  survey  of  the  river 
and  adjacent  banks  was  plotted  on  a  scale  of  1:22,500.  In  this 
distance,  43  miles,  there  is  a  total  fall  of  244  feet.  Seven  bench 
marks  were  established  and  40  w^ater-surface  elevations  were  deter- 
mined. 

At  Chippewa  Falls  a  wooden  13-foot  dam,  owned  by  the  Chippewa 
Falls  Lumber  and  Boom  Company,  increases  the  head  to  30  feet  and 
supplies  power  for  a  large  sawmill,  and  an  electric  plant  which  furnishes 
the  city  of  Chippewa  Falls  with  water  and  Ught.  This  dam  could 
be  made  higher,  as  the  local  conditions  are  favorable,  but  this  would 
interfere  with  a  proposed  plant  at  Paint  Creek  Rapids,  2i  miles  up- 
stream, to  which  point  the  water  now  backs  up.  Here  there  was 
formerly  a  flooding  dam,  but  a  freshet  cut  a  channel  around  it  to 
the  north,  and  the  dam  has  since  been  torn  out.  A  14-foot  dam 
could  be  constructed  at  the  foot  of  the  rapids  where  the  banks  and 
bed  of  the  river  are  sand  intermingled  with  large  bowlders.  Abund- 
ant stone  for  construction  is  near  at  hand. 

At  Eagle  Rapids,  4^  miles  upstream,  is  a  good  site  for  a  dam. 
A  dam  here  was  torn  out.  A  20-foot  dam  would  back  water  three- 
fourths  of  a  mile  above  the  city  of  Chippewa,  where  O'Neils  Creek 
enters  from  the  west.  One  mile  above  O'Neils  Creek  is  a  gorge 
700  feet  wide.  A  25-foot  dam  would  have  solid  sandstone  for 
foundation  and  abutments  and  would  back  water  almost  to  the 
foot  of  Jim  Falls,  5  miles  above.  At  the  small  village  of  Jim  Falls, 
near  the  site  of  an  old  flooding  dam,  is  the  best  opportunity  for  power 
development  on  the  river.  This  point  is  now  under  development, 
the  company  having  purchased  all  the  land  needed  as  well  as  the 
water  rights.  The  river  flows  over  a  series  of  granite  ledges  from 
1  to  4  feet  high,  while  the  banks  seem  to  be  solid  rock  covered  l>y  a 
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ifw  feet  of  sandy  soil.  The  proposed  dam  will  be  28  foet  highind 
will  be  loeatc^d  at  Ui*>  head  of  tlu*  i-apids.  It  will  funiUb  power  for* 
palp  milL  The  dam  will  back  water  nearly  to  Bruiine  Falk,  ^ 
milaSj  and  covers  the  Col  tun  and  Ch«vaU&j  rapids.  The^^eiii 
obtained  by  this  dam  will  be  55  feet. 

At  Bmim«  FaUs  the  best  lorat  iun  fur  a  dam  wouM  be  sfe  tboaiill 
fall,  about  650  feet  ahove  tlie  foot  ot  the  rapid js,  where  m  35-fooidHl 
would  back  the  water  up  to  tha  i&piib  at  Holcotnbe,  5|  miles,    Thf 
five?  at  the  falls  ia  very  narrow,  and  at  the  point  mentioned  the  hunks 
are  ledges  of  roek.     A  rocky  island  in  the  river  would  help  in  Uif , 
eonstruction  a  good  deaL 

At  Holconihe  tlie  Chippewa  Falls  Limiher  and  Boom  Compiisy  ^ 
has  an  old  dam  with  a  head  of  about  17  feet.  This  is  the  third  dun 
they  have  built  tliere,  the  others  liaving  been  washed  out  by  fresbeVs. 
As  the  himl>er  interests  in  this  locality  are  declining,  the  present 
dam  is  beinf^  ali<>\vcd  to  decay,  and  could  be  replaced  with  a  raoff 
nubBtantial  jitnicture  for  power  purposes.  The  river  h^e  has  a  roi 
bottuin  and  rather  low,  clay  sidt^s,  and  an  L8-foot  dam  eouM  be 
constructed  on  the  site  of  the  present  structure,  which,  together 
m'ith  a  IS-foot  datn  at  the  foot  of  tlie  rapids^  would  not  destroy  mj 
more  valuable  bottom  lands  abo^* e.  This  would  back  the  water  up 
for  more  than  a  mile  above  Deer  Tail  Creek  and  furnish  con- 
siderable storage.  From  h&m  to  Flambeau^  the  end  of  the  amref,  ' 
there  are  no  raptds  of  any  coneequenoe. 

There  are  two  railway  bridges  and  a  highway  bridge  acro^  the 
river  at  Chippewa  Falls  and  another  road  bridge  just  below  Esg^ 
Rapids.  There  are  but  few  boats  on  the  river,  as  during  the  log- 
driving  season  boats  would  be  crushed. 

The  lumbering  operations,  which  are  on  the  decline,  are  controlled 
by  the  Chippewa  Falls  Lumber  and  Boom  Company,  with  head- 
quarters at  Chippewa  Falls,  a  thriving  city  of  about  10,000  popula- 
tion, where  there  are  a  number  of  factories  and  miUs.  About  ten 
miles  above  is  the  city  of  Chippewa,  at  one  time  the  most  promising 
town  in  the  neighborhood,  but  now  little  more  than  a  handet.  At 
Jim  Falls  there  is  a  village,  but  Holcombe  is  the  only  town  of  any 
importance  above  Chippewa  Falls.  Several  railroad  lines  are  being 
built  in  this  section,  and  the  agricultural  and  manufacturing  interests 
are  supplanting  the  lumber  industry,  while  the  land  is  generally 
taken  up  by  settlers  wherever  the  lumber  has  been  cut,  so  that  no 
second-growth  timber  is  coming  up.  The  whole  community  seems 
very  prosperous,  while  numerous  companies  are  on  the  point  of 
investing  capital  in  the  manufacturing  interests  in  the  neighbor- 
hood. 

The  elevations  of  water  surfaces  of  the  river  are  dependent  on 
the  following  table  of  daily  gage  readings  by  the  Chippewa  Falls 
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Lumber  and  Boom  Company  from  a  gage  on  the  highway  bridge  at 
Chippewa  Falls,  The  elevation  of  the  zero  of  gage  is  804.8  feet 
ibove  sea  level.  The  gage  height  of  the  highest  water  known  had 
m  elevation  of  831.4  feet  above  sea  level. 

Gage  height  of  Chippeuxi  Ri\yer  at  Chippetoa  Falls. 


Date. 


Miy  1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
une  1.. 

2. 

3. 

4. 

6. 


Height. 

Ft.       IfL 

8  10 
8  6 
8      0 


Date. 


Height. 


5       6 

8  9 

9  6 


6 
5 
5 
5 
5 
5 

5 

6 

8 

11 

12 

11 

10 

8 

7 

6 

5 

4 


3 

8 

I'' 

«|l 
3I| 

•■•■I 

9,1 
4 

8[ 

0 

5 ; 

^ 

8  , 

10  ' 
6  ' 

9  i 
9  I 


Juno  6 

j   Ft.      In. 

3  10 

1     2   2 

2  6 

3  0 
2   9 
2   6 
2   6 
2   2 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1   6 
1   6 

16 

17 

1   6 

18 

1   3 

19 

0   0 

20 

21 

22 

1   0 
1   3 
1   0 
0   9 
0   9 
0   9 

23 

24 

25 

26 

27 

28 

29 

1   6 
1  10 

3  8 

4  10 

5  7 
9   0 

30 

July  1 

2 

3 

4 

5 

10   6 

0 

10   3 

7 

9   0 

8 

7   9 

9 

6   9 

5  1 

6  0 

10 

11 

igUf^toA  ElVEE  i^r^v^vi^  AKD   PHurtLKB  o^  ttot. 

Gagf  hfi^hi  i^f  Ckippmm  Bivtf  tU  Chippewa  FjiJZv— Cbntiiiiied. 
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Date. 

1       Height. 

1 

Oct.    5. 

'            6. 
7. 

Date. 

Height. 

2... 

1       Ft.     In. 

3      3 

3      6 

'           5      9 

Ft.      In. 
7     10 

3... 

8       1 

4... 

8      0 

*he  elevations  in  the  following  list  are  based  upon  a  bronze  tablet, 
•ked  ^'797  E.  C/*  at  southwest  comer  of  the  court-house  at  Eau 
ire,  Wis.,  the  elevation  of  which  is  accepted  as  797.473  feet  above 
in  sea  level.  The  initial  point  upon  which  these  levels  depend  is 
eh  mark  "Bottom/*  of  the  Missouri  River  Commission,  opposite 
^ds  Landing,  Minnesota,  the  elevation  of  which  is  accepted  as 
.355   feet  above  mean  sea  level.     These  elevations   accord  with 

1903  adjustment  of  the  precise-level  net. 
Permanent  bench  marks  dependent  on  this  datum  are  marked  with 

letters  ''  E.  C'  in  addition  to  the  figures  of  elevation. 


leu       40  35  30  25  20  15  10  5  0 

Pio.  18.  Profile  of  Chippewa  Hiver  from  Reeds  Landing.  Minnesota,  to  Flambeau.  Wis. 

fUione  on  Chippewa  River  from  Reeds  Landing^  MinnesoUiy  along  Chicago^  Milwaukee 
and  St.  Paid  Railroad,  to  Chippewa  Falls,  Wis. 


anoe 
lUee. 


0.0 


Reeds  Landing,  Minnesota  (Miss.  River  Commission  bench  mark 
*  Bottom"),  tile  and  iron  pipe  in  low  flat  ground,  opposite,  220 
meters  from  left  bank  of  river,  in  property  of  Mrs.  C.  S.  Richards, 
45  meters  west  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  trestle 
to  bridge,  205  meters  south ?.-est  of  end  of  trestle  and  small  pond. . 


Elevation 
in  feet. 


672.356 


tm 


mVMB  SUBVXXB  AHB  WmmOJBS  09  BXO* 


fwi^m 


Chippewa  Brnm-  frmn  Bttii  Lmnim^t  Mitmemla,  aiottg  Ckieago,  UUwadu 
mdSk  PmL  BtOntd^  fo  Chippewa  FaOt,  irt«.--Ocmtiiitied. 


I 


mmtkm       n 
infitt        1 


1:4 
1.4 

l.Q 
2.6 

2.6 
8.2 

a6 

S.6 

as 

4.8 

4.6 

4.5 

0 

5.5 
5.8 
6.2 
6.6 
6.7 
7.4 

7.4 

7.9 

7.9 

8 

8.5 

8.5 

9 

9 

9.6 

9.6 

10.3 


Hli^wmter  in  back  water  dflloui^ 

T^Tin's,  at  grade  oroanng  BurlmfUm  and  Chicago,  M3waiikee  and 
8i.  Peal  railroadB,  top  of  laU 


15  feet  noithiveBt  of  interwetion  ol  grade  oroarag,  fl|iil»ln  telegn^ 
pole. • , , 


16  feet  northiveBt  of  end  of  tieetfe,  oafl  in  top  cl  fenoe  poet........ 

Iume  namyir  idand,  lower  end  of,  kit  baidc  of  fiver,  Uicb  tnot  nail 
in  root  of. •..••.••...••.•.........•.••..........•••........ 


Plri¥ftte  road  eraaring,  top  ol  red. 

Qovenisient  dam,  atXl  feet  bdov,  opporite  nordi  end  of  aoiall  ialand, 
Irftbaidcoliivw,  water  Biaple,]ia3eii.ne(oli».. *. 

£B|^  water • 

800  feet  north  ol  npida,  bii^  water • 

Wanoiida  kland^  0^  nnfe  bdow  north  end  of,  kf t  bank  of  iber, 
noteh  oat 


i  kland.  0^  nnfe  bdow  north  end  of,  kf t 
»t  on  ehn  tree,  naO  in 


North  end  of  Oorvernnient  dam,  100  feet  bfdoiw,  left  channd,  eoiliaoe 
of  water. 

165  feet  eaat  of  river,  water  maple  tiee,  noloh  eoi  in 

Saifaoe  of  water 


Near  north  comer  of  C.  W.  Knight's  yard,  in  top  of  limestone  8  by 
10  by  26  inches,  set  25  inches  in  ground,  bronze  tablet  marked 
"682  E.C." 


Opposite  trestle  32  H,  surface  of  water 

Old  Battle  Slough  station,  in  west  side  of  switch  stand,  spike 

Surface  of  water  (river  about  1  foot  above  ordinary  stage) 

Bridge  No.  38  M,  50  feet  south  of,  west  side  of  dump,  cross  on  stone. . 

Bridge  No.  42  M,  private  road  crossing  south  of,  top  of  rail 

Bridge  No.  50  M,  at  south  end  of,  east  side  of  track,  nail  in  cross  cut 
in  cap 

Surface  of  water 

Private  crossing,  top  of  rail 

Surface  of  water 

Second  telegraph  pole  north  of  slough,  spike  in 

Elm  tree  on  left  bank  of  river,  nail  in  notch  cut  in 

Surface  of  water  (1.9  feet  higher  than  stage  observed  nearer  mouth) . 

Trestle  No.  60  M,  top  of  rail 

Surface  of  water 

Maxwell  station,  surface  of  water 

Maxwell,  180  feet  southwest  of  platform,  in  sandstone  post  8  by  12 
by  80  inches,  set  27  inches  in  ground,  bronze  tablet  marked 
''691  E.  C." 

Trestle  No.  66  M,  Little  Belf  Slough,  surface  of  water 


68io 


680.01 

e77.46 

674 

081.4 

680.36    ] 

675 

676 

681.52 

677 

681.13 
678 

682.339 

680 

685.28 

681 

685.28 

688.41 

688.26 

683 

692.1 

685 

689.33 

689.36 

687 


688 


691.196 
691 
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levations  on  Chippewa  River  from  Reeds  Landingt  Minnesotaf  along  Chicago^  Milwaukee 
and  Si.  Paul  Railroadf  to  Chippewa  Falls ^  Wis. — Continued. 


Distance 
in  miles.  , 


10.6 

10.6 
11.4 

11.9 

12.3 

12.4 
12.8 
13.4 


13.4 
14 

14 

14.4 
14.4 
14.6 

15.2 
15.9 
16.1 

16.5 
16.8 
16.8 

16.8 
17.5 


18.2 


West  side  of  railroad,  near  gate  at  private  road  crossing,  nail  in  top 
of  stump 


Surface  of  water  (is  about  4  feet  lower  than  low  water) 

South  end  of  trestle  No.  70  M,  15  feet  east  of  railroad,  cross  on  sand- 


stone. 


Big  Beef  Slough,  150  feet  below  railroad  bridge  No.  74  M  (is  about 
3  feet  above  low  water)  surface  of  water 


595  feet  north  of  bridge,  on  west  side  of  track,  nail  in  top  of  post 

Private  road  crossing,  top  of  east  rail 

Pawn's  farm,  private  road  crossing,  top  of  west  rail 

T.  24  N.,  R.  13  W.,  just  outside  of  Chicago,  Milwaukee  and  St.  Paul 
Railroad  right  of  way,  left  bank  of  river,  and  0.25  mile  due  west 
of  center  sec.  6.  in  sandstone  post  12  by  6  by  30  inches,  bronze 
tablet  marked  "733  E.C." 

Surface  of  water , 


Round  Hill,  0.25  mile  below,  left  bank  of  river,  black  oak  tree,  nail  in 
notch  cut  in 


Surface  of  water 

Road  in  front  of  bam. 
Surface  of  water 


Round  Hill,  north  and  south  road  crossing  on  Chicago,  Milwaukee 
and  St.  Paul  Railroad 


Road  crossing  on  east  side  of  railroad,  spike  in  signboard 

Private  road  crossing,  top  of  rail , 

Durand,  100  feet  north  of  south  switch  block,  12  feet  east  of  center 
of  track,  north  end  of  sandstone,  cross 

300  feet  north  of  brewery,  east  and  west  road  crossing,  top  of  rail. . 

Durand,  road  crossing  north  of  station,  top  of  rail 


Durand  County  jail  building,  water  table  at  southwest  comer  of, 
bronze  tablet  marked '724  E.  C." 


Upper  bridge,  surface  of  water 

Durand,  north  part  of,  at  north  end  of  siding,  35  feet  northwest  of 
switch  block,  cottonwood  tree,  notch  cut  in  root,  nail  in 


Spur  line  up  river. 
Elm  tree,  left  bank  of  river,  nail  in  notch . 


18. 2  I  Surface  of  water 

18.  5  :  Creek  from  cast,  white  oak  tree  at,  nail  in  notch  on  root , 

18.  5  I  Creek,  at  mouth,  surface  of  water  (river  is  about  2  feet  above  low 
water) 


Main  line  contlnu<»d. 

18. 8     Northwest  comer  of  trestle  No.  96  M,  nail  in  top  of  fence  post. 

18. 8     Surface  of  water 

19. 1     Beaver  Creek,  surface  of  water 


Elevation 
in  feet. 


694.  91 


701.32 

695 
711.65 
714.  61 
724.3 


732. 878 


737.7 

699 

733 

699 

731.4 

740.56 

724.55 

717.54 

720.6 

724.7 

724.361 

727.23 

707.24 

705 

707.20 

706 

717.24 

711 

712 


I 


i 


RXVKR   tinBVEYS    AND    PBnFlLES    OV    1003. 

Eht^ion^  on  Chippeyoa  Bir^  from  Reeds  Lamlin^t  MiRnemia,  ahnff  CAtot^o, , 
and  8t,  Pofd  Railroad^  to  Vhiffpetm  FfiU^t  Wis.^C<aitmUf4^ 


^ 


10.1 
in,  7 

lar 

m.  n 

2L1 
21.2 
21.4 
22.1 
22.1 
22.4 
22.8 

2a.  r 

23.1 

24 

24.2 

24.4 

24.  G 
24.6 
26.7 

25-7 

25.  S 
26.4 
26.7 
2*L7 
25.  f) 
27.1 
27.4 
27.9 
27.9 
2S.8 

28.  S 
29.4 
29.6 


Tn^tlu  No.  IIS  ^1,  top  of  s&ndaU)no,  At  south^fliiii  cod  of  IreaUe. .... 

Tn^tie  No .  100  M ,  BOuUii*j»st  (H>rnor  of.  Hpiki^  in  cap  * ,  ^ , , ,'-  *  ^  i,  ^  *  * , 

SuHft<*H  of  wAtiCr. .,..,..^^..-.^,.,-.-».,^.,^, **..*--.. *, 

}%ctiT  LfLk(sDT5  milc^  nurtb  uf,  privitto  road  evoeBin^^U^pnifwtmi  rati. 

Pn vti! i*  riHul  f^roti^ing^  top  ijf  oiu*(  miL .._»...,,,,. , , 

Whistip  post  for  mud  croa&mg,  spikt?  m.. ..,-,. .-,.-,-- --.,.--. 

EfUit  and  wioit  road  croH«ing,  top  of  w<*st  riul ...,-.-..,,,..,,...  ^ . 

North wesi  »nd  iwulfiuttat  road  crotising.  to[i  of  wetrt  mil ..,_,. 

Web*^r's  hoii«K^,  m^d  fituwinir*  lop  of  rwl ._,...,,,. .,,...,  ^  - , 

CriHSHJiig  jKWt ,  iif*iir  Liuttoiii ,  niilraiid  apiko ** *_, , 

Tn^tl*^  No.  1CM>  M,  wc'tioii  !my  Ijftwri'n  wi;^-  — ~_  top  of  rmiL . 

Rc?d  Crdiir.  0.33  iiiilr  s<ntth  nf , T.  25  N . ►  R ,  12  W . .  mh*. fi.  oiHy-c|Uanej' 
comft  iHJftii  side  of,  ill  (^ri>uTid  aI  T  njAd  east,  sauda^tooe  6  by  12  hy 
m>  indnw,  broij»e  tablet  marked  '*755  E*  C/' .._-..,., 


Rod  CVdnr.  wrst  pwrt  of,  foutidafjon  tt>  water  tank. . , .  _ 

K<*d  CVdwrj  rtmd  crossing,  top  of  raiL ._. ,.,, 

Surfaro  of  wat^^r. , , , 

Private  itiftd  ctxiesini?,  top  of  rail. .- ....- .-*,* 

Private*  road  rn^a'^iu^,  spikt?  in  base  of  firet  telegraph  pole  noftli  of. . 

Hed  Odar  Junction,  at  switch  block,  top  of  east  rail .,-,,,„, 

Red  Cedar  pJimctionn  surface  of  water  at  bridge ^ ,* , 

Trestli*  No.  108  M,  at  wuthwejst  corner^  nail  in  top  of  fence  poet. . . , 

Surface  of  water .-..*, 

Tyrone  (abtkndon&d  Btatioii)^  750  feet,  south  of,  ecpike  in  tele^rspti 
ptile .,,..... ., ,. , , 

Surfaci^  of  water, ,, ... 

Tyrone*  at  road  erossing.  top  of  ra0. , ._ . . , __ , 

Private  road  crossing,  top  of  rail, ,._.,.,,..._,_.. 

Tft^tle  No.  1 16,  fen«'  post  at  southw^t  eomar  of,  doH  in  top  of ...  i 

Surface  of  water, ,. *,,.,_* 

Private*  nmd  erossing,  top  of  wcsst  rail...,. ...., 

HaUrt^ad  spilM  in  cmasiug  pO!«t . . ,....,,-...**.,.,,.. 

Road  eroBsrng  (aecond  on*?  north  of  public  croasing ) ,  top  of  rail. 

Trestle  No.  1 18  M ,  at  aoutbai^t  conier  of,  in  top  of  fent^  post  „,.,.. 
Surfacti  of  water. .,,....»,..,.... .,_,,,...,.... ,*.... 


Mertdiau,  T.  26  N.,  R.  12  W.,  see.  14,  north  part,  of,  at  southeast  eor- 
ner  of  Iver  Brock 'a  residence,  in  stone  foundation,  bronze  tablet 
marked  *'740E.  C.*\ ....,.„., ,, 


Road  erosaing,  top  of  raiU ....-..,,.  ^ 

Private?  road  croasingj  top  of  rail- . , . 

Ta^sile  .No.  124  M,  at  ea»t  end  of,  nail  iu  top  of  fence  poet. 
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Elefxiiums  an  ChijypeuM  River  from  Reeds  Landing^  Minnesoiaj  along  Chicago^  Milwaukee 
and  Si.  Paul  Railroad^  to  Chippewa  FaUSf  Wis. — Continued. 


Distance 
in  miles. 


29.6 

29.7 

30.1 

30.1 

31 

31 

32.2 

32.2 

33 

33.7 

33.7 
34.1 

34.5 
34.7 
34.9 
35.8 

35.9 

36.3 
36.3 
37 

37 
38.3 

39.1 
39.5 
40.7 

40.7 
41.3 

41.4 

42.4 

42.4 

43 

43.3 


Surface  of  water 

North  and  south  road  crossing,  top  of  rail 

North  and  south  road  crossing,  cross  on  stone 

Road  crossing,  top  of  north  rail 

Road  crossing,  spike  in  telegraph  pole 

Wagon  bridge,  surface  of  water. ^ 

South  side  of  railroad,  60  feet  west  of  laige  spring,  cross  cut  in  sand- 
stone  

Surface  of  water 

Spike  in  base  of  telegraph  pole 

Opposite  small  island,  on  highest  point  of  large  sandstone  bowlder, 
cross  cut 

Surface  of  water 

On  bank  of  river  at  right  of  way  fence,  sandstone  bowlder,  cross  cut 
in  top  of 

Rock  Creek,  surface  of  water 

Private  road  crossing,  top  of  rail 

Trestle  No.  144,  at  northwest  comer  of,  nail  in  cross  cut  in  cap , 


Elevation 
in  feet. 


Caiyville,  T.  26  N.,  R.  11  W.,  sec.  11,  east  part  of,  at  northwest  cor- 
ner of  post-office.  Strand's  general  store,  in  stone  foundation, 
bronze  tablet  marked* '760  E.C." 


Road  crossing,  top  of  rail 

[Line  continued  along  highway.] 

Wagon  bridge  over  West  Creek,  in  top  of  pile  at  east  approach,  nail. . 
Surface  of  water 


East  of  small  island,  water  maple  40  feet  east  of  river,  on  left  bank, 
nail  in  root  of , 


Surface  of  water 

Powell  Lake  and  Chippewa  River  roads,  75  feet  east  of  junction, 
small  double  elm  tree,  nail  in  root  of 

Surface  of  water '. 

Surface  of  water 

On  left  bank  of  river,  at  east  end  of  long  log  boom,  nail  in  maple 
stump 

Surface  of  water 

Coolies  Lake,  near  outlet,  B.  A.  Churchville  residence,  at  southwest 
comer  of,  in  foundation,  bronze  tablet  marked  "  779  E.  C. " 

Surface  of  water , 

Porterville,  0.75  mile  south  of,  wagon  road  culvert,  nail  in  top  of  pile . 

Surface  of  water 

Old  Porter  mills,  nail  in  root  of  large  water  maple 

T  roads 


733 

739.6 

740.30 

741.7 

745.02 

739 

751.82 

741 

747.85 

753.19 
743 

754.70 
744 
752.9 
751.22 

760.144 
757.7 

753.98 
746 

749.63 
747 

756.15 

752 

752 

763.11 
755 

779. 356 

758 

763.92 

761 

764.84 

767 


IRK  115—05 8 


piHiMHM 


HIVEU    ^IIRVEY^    AND    PHOFILES   OF    IftOa, 


[1(0.  UK 


an  (Thippfum  Hivtr  fmm  Bud*  Landif^,  Minw^a,  along  €?himgo,  Miiwauh* 
<md  8t^  Pttid  Ra'^yodp  to  CMppiwa  Folk,,  Ifi*.— Canttnui^d. 


l?1llt4ll»c^^ 


4a.  6 
44.1 
44.  S 

44.  f 

14.9 
45.$ 

4&S 
4S.8 

45.  H 
4§.S 

49.  Jl 

4e.e 
47.  f 
4ai 

48.3 

48.4 
48.7 
48.8 
46.8 


.1 

.1 
.75 
.75 

49 

49.1 
49.4 
49.4 
49.4 
49.8 


Clvokt  mouth  of,  Hurf*ca  of  ^^U^t . _ . 

On  rivfir  bftok,  3(1  fwi  w^^st  of  ro«d»  nail  in  Uip  of  litunip. 

Surfsei^  of  wftk»r ,, ,.,,.,. * - 

Charkv§  BiiiiJioii'!i  rtsstdt^ncii,  120  t^s^t  aoulliewud  of,  st  g»i«t  n«tl  in 
wliiti"  t>iik  fltiunp „.,,.,,,.,*,.**.**.,.,*,.-*.,..  , 

Ltiwer  Cn-ck.  roa*!  iTOttniiig  m\  ('hir&^o,  Mi1wnijk(^<  aim)  St.  Paul  ' 
RfuJrnftd,  lop  cif  mil  ..-*,..*..._,..._,.__............... 

Sorfa^^o  iif  wbUt  (liiifhi^r  timn  htw  lH^*n  for  *i  v<iiw^)  -    -  ^  ^ 

Shmwtowii,  I  mill*  srmili  of,  T.  27  N,  li.  10  W.^  «?c.  *i6,  iiortheiist  for-  ' 
liitc  (if.  in  st<*rui  ftnjndal  ioo  a)  Nortliwi^t  (^onicr  of  Ilenr^'  Trinilik*'* 
R'nidcrKC,  bmnsfx'  tablet  marked  '  *781  E,  0/  '-_, .,,......._ 

Itigh  wiLtprJn  1884 ,.,,„,... ,.,..,. -,„,., 

R(  iiwl  rnisHif  1^  ....♦,,* ,  - , , .,,,,..,_...-... 

Siirfttw  of  watsr * ..,. ,,.,.**,■ 

Shawttiui^  2t)f>  fwt.  i«outb  of  r»ilniiwl  briiiga,  Hpiko  in  bftse  of  t»l*- 
^*pU  poll* _....,....... .__. 

Und*^r  liricl|B^>,  siirfftr*^  of  wfttpr. ..._.»»._ ^ . . .  - * . 

Sfoijoitiooir  «tPtH*t  t^rosainp,  ti>p  of  nitl -  - 

ICmi  Ckiiv,  cmsaing  of  Ningiira  Atid  Sf^rtmUi  i^T^i  .............. 

Etist  entriinci*  to  higli  scIjlkiI^  tirst  window  to  rig!i(j  In  sill^  cut  in  ' 
n^nt^^r .  ,., __„„„*.  _^.*,^...^.*^. .*.._.* 

Enti  ( "luirp,  at  imuthw^t  t^m^r  of  oourt-houap,  bronso  tablet  luiirked 
-797E.C.' ...._..-._... 

Crtissing  of  Gnind  and  Oxford  avenue^  top  of  mil , 

200  fei^t  south  of  railroad  bridge^  spike  in  baae  of  crossing  post 

Cei>ter  of  railroad  I  ^rid|^'  o vc^r  rivi^r. , . , , , 

Ettu  Claire  River,  niouth  of,t^rfacp  of  water  under  bridge  (June  2),  _ 

[Spur  line,  J  tine  t,  up  Emi  Claim  Rivpr  from  jtiTU^tion,    ^t&^  of  water  S^ 

I 

Junction  of  Chippewa  and  Eau  Claire  rivers,  June  9,  foot  of  first  dam  i 

at  mouth  of,  on  Eau  Claire  river 

Head  of  same  dam ; 

Foot  of  second  dam 

Head  of  second  dam 


764 

7(^  8S 
7M 

77K08 


773.  J 

768 

imM 

777 

776.5 

im 

78a  fl8 

769 

T7J  % 

781.2 

[Main  line  continued  June  2.    River  Is  6.5  feet  higher  than  a  week  later.] 

Eau  Claire  court-house,  0.7  mile  north  of,  at  Chicago,  Milwaukee  and 
St.  Paul  Railroad  station,  top  of  rail .* 


Forrest  street  crossing  of  spur  to  paper  mill,  top  of  rail , 

Elm  street  crossing,  top  of  rail , 

The  Dallas  Paper  Mill  Company  dam,  foot  of,  surface  of  water 

The  Dallas  Paper  Mill  Company  dam,  head  of,  surface  of  water 

Chicago  and  Northwestern  Railroad  bridge  over  river,  south  comer 
of  cast  pier,  cross  cut  on 


797  93 

797.473 
791 

787.33 
788  3 
770 


763.5 
774 
774 
786.8 


786.05 

778.6 

780.3 

772 

793 

804.36 
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Elevations  an  Chippewa  River  from  Reeds  Landing^  Minnesota,  along  Chicago,  Milwavkee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis. — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


50. 6  Chicago  and  Northwestern,  at  mile  post  St.  Paul  87,  top  of  rail 

50. 7  Duluth  Branch,  at  overhead  road  crossing,  top  of  rail 

.50. 8  Duluth  branch,  Chicago  and  Northwestern  Railroad,  on  east  side  of 
railroad,  opposite  yard-limit  post,  spike  in  base  of  telegraph  pole. 

51  Road  crossing,  top  of  rail 

51.  4       Mile  post  1,  top  of  east  rail 

51. 6       Power  house  at  crossing  of  Chicago,  Milwaukee  and  St.  Paul  and 

I      Chicago  and  Northwestern  railroads,  1,100  feet  south  of,  spike  in 

telegraph  pole 

51. 9       Grade  crossing,  top  of  rail 

52  Chicago,  Milwaukee  and  St.  Paul  and  Chicago  and  Northwestern 

railroads,  grade  crossing,  top  of  rail 

52. 6       Road  crossing,  top  of  west  rail 

52. 6       20  feet  west  of  north  cattle  guard  to  road  crossing,  in  base  of 
I      fence  comer  post,  spike 

53. 2  Road  crossing,  top  of  rail 

53. 3  Second  pole  west  of  road  crossing,  spike  in 

53. 5  Dalles  Mill  station,  road  crossing,  top  of  west  rail 

54. 4  Road  crossing  on  line  between  Eau  Claire  and  Chippewa  counties 

54.  4  County  line  crossing,  in  north  cattle  guard,  nail  in  top  of  fence  post. . 

54. 8  East  and  west  road  crossing,  top  of  east  rail 

54.  8  Surface  of  water 

56. 1  La  Fayette,  road  crossing  at  old  site  of,  top  of  west  rail 

56. 1  Surface  of  water 

56. 1  La  Fayette,  second  telegraph  pole  above  road  crossing  at  old  site 
of,  spike  in 

57. 3  North  and  south  private  road  crossing,  spike  in  black  oak  tree 

.  0       Surface  of  water '. 

57. 4  Road  crossing  east  and  west 

58. 3  Badger  Mills,  road  crossing  just  below  north  switch  block 

58.  3  Halle  Lake,  Badger  Mills,  surface  of  water 

58. 4  Badger  Mills,  just  south  of  waiting  shed,  spike  in  crossing  post 

58. 4  Badger  Mills,  opposite  waiting  shed,  top  of  east  rail 

58. 76  Badger  Mills,  summer  hotel,  in  ground  in  lawn  of,  50  feet  due  west 
of  front  window,  sandstone  post  10  by  8  by  30  inches,  bronze 
tablet  marked  "827  E.C." 

50. 4  150  feet  west  of  P.  C.  mark,  150  feet  south  of  gate,  spike  in  base  of 
telegraph  pole 

50.  4  Surface  of  water 

60.  5  Surface  of  water 

60. 6  Trestle  No.  216,  in  sleeper  at  west  end  of,  painted  cross  on  bolt 

61. 1  Gravel  Island,  crossing  post  just  below,  spike  in  base  of 

61. 1  Gravel  Island,  slough,  mouth  of,  surface  of  water 


843.1 
851.8 

858.56 

871.3 

882.8 

882.09 
881.2 

880.2 
843.5 

840.09 

813.8 

807.97 

804.2 

813 

815. 18 
821.1 
793 
817.4 
794 

818. 75 

815.96 

794 

821.9 

817 

815 

818. 19 
820.2 

827.716 

831.45 

797.3 

801 

833.51 

855.19 

803 


no 


RtVEB   81TRVKYH    AND    PROFILKB    OF    m\% 


[isu,  im. 


Eht^i^M  ttn  Ohipptswa  J?tt9«r  fratn  Mf^dA  Landing^  Minnemt/t,  ahwf  Ckmtgo,  MUvnuitt 
mid  HL  Ptivi  BaHroad,  kk  Chippewa  FoBs^  Wi*. — CoQliniKyd* 


lit  tn[lp«- 

(12.1 

62.3 

tS2.2 

02. 8 

62. » 

fiaj) 

03 

i^A 

03.  :i 

F 


03.8 

ma 

63.9 
04.31 


64.4 


*0 

.0 

.0 

3.7 

5.5 

8 

9.2 
10.7 
13 
15.7 

15.7 
16.6 
17.9 
10.  a 


Surface  of  wftt^r....^* *^,*.,. .,,, _. 

Spike  in  bas<*  af  crufiBili}!^ pust* ,.,-.-,, * 

Roftd  orosaiog,  Uip  of  rail -. ........,.,.-.,,_. 

Contra  I  Junction,  Chico^,  Milwaukee  and  St.  Paul  Kaiirtmd  and 
Wisconsin  CViUmI  HajJroad,  swritch  block  at, . _. , 

Ea^t  side  of  miJn^ad^  ^pikc  in  base  t>f  telegraph  polo. 

Hottd  crossiin^t  top  of  rail _  - , _ , 


ElcviitiEin 


Center  of  Chicago  *  Milwaukee  aud  Si.  Paul  Railroad  bridi?**  top  of 
rail. ,. . . ,...<. 

SuifaiCie  of  water  und^r  bridge.  ..,.......,^,,,.,.,,^.,.,^,,...-.. 

JuDclion  ofChirAgti,  MilwnuktH*  anti  St.  Paul  Railroad  and  WlaeoQ- 
sin  Cfiiitral  Railroad  (main  tine  ) ,  top  uf  raiL  ...   

Cbippewa  FaUs^  20  feet  south  of  walt?r  tauk«  spikt*  in  bai^e  of  tele- 
gmpli  pole , , 

Chippt'Wa  Falk,  Taylor  utn^^t  croesiug,  top  of  rail , 

Chippewa  Falb,  under  bridgt?^  foot  of  dain,  surfat'e  of  wat<*r 

Chippewa  Fallot  northeast  comer  of  city  buildiag  CJiiitaiMirig  fir^ 
deparitnent  and  citj  jail,  in  foundation,  bronix'  UiUH  marked 
**840E.C.'^ ,--.- 

Chippewa  Falls,  above  dam*  surface  of  wat«r , 

[Flying  levels  by  F.  T.  FlttJi,  fldd  iiAsifiUnt,  Chippewa  Fail»,  up  Chippewa 
Itlvfir  tu  F!ambf?AU-] 

Highest  water  mark  on  reei^rd,  recorded  by  Chi^vyjewa  Falls  Lum- 
i*er  and  Boonr  Company,  Sept.  10^  1884 , . . 

Second  highest  water  mark  of  Chippewa  River,  recorded  Dec.  3, 
1896.. ...... ...__. ._,„. 

Lowest  water  mark  of  Chippewa  Riv<^^,  reading  takt^n  at  Chippi*wa 
Falls _. 

Highway  bridge  at  falls,  surfaeo  of  water, ,,,,,.,,,,, ,,,,,. 

Chip]>ewa  Falb^  surface  of  water. ............... ....  ._..,,, 

Crest  of  dam  of  Cliippewa  Falls  Lumber  Catnpany,  iftirfnte  of  water, , 

Paint  Creek  Rapids,  foiit  of^  north  tmnk  of  river,  50  feet  frt^in  water, 
top  of  bowldcrf  chiseled  square. ........... ...,..,.,.,,,,,. 

YeJlow  Kiver t  mouth  of,  surface  of  water. ...,.,. ^.,.,,,.^,*»,. 

Eagle  Rapids,  foot  of,  surface  of  wat4!r.  ,..,,,,,,,,,,..,^ 

Eagle  Rapids,  head  of,  surface  of  water.  .,.,^,, ...>,,., .,,,,..,, 

Surface  of  wat*r , .._ ,-,..,«,,,,,,,.,..,,.,,,,,, 

Foot  of  rapids,  surface  of  water .,, 

Jim  Falls,  eo-nt  side  of  river  at  edge  of  water^  nearly  oppof^it^  Pitch 
Hotet,  at  foot  of  rapids,  in  granite  ledge ,  chiseled  square. ......... 

Surface  of  water _ , , .,,,., 

Head  of  rapids,  surface  of  water ,,,,*•* .,,.,. 

Coltons  Rapids,  foot  of,  surface  of  water. ,.. 

Coltons  Rapids,  head  of,  surfajoe  of  water.. ^ 


832.4 

KI2.  I* 
833.9 

S40.:i 


830.63 
S33.7, 
807 


I 


^0.468 

mi 


832 
831 
804 

fm 

B4A.M 

sm 

807 
871 

mi 

902 
901 
936 

MB 


HALL  AND 
HOYT. 


1 


CHIPPEWA    BIVEB. 


Ill 


EltixUions  on  Chippewa  River,  from  Reeds  Landing,  Minnesota,  along  Chicago,  Miltoaukee 
and  St.  Paul  Railroad,  to  Chippeuxi  Falls,  Wi«.— Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


19.2 

20.2 
22.9 
25.7 
26.9 
26.9 


27 

28      1 

29.5 

32.7 

33.2 

33.2 

33.2 

3=^7 

43.3 

43.3 

Chas.  Richards,  near  house  occupied  by,  150  feet  south  of  road 
intersection,  at  edge  of  water,  rock,  chiseled  square 


Shaw  Creek,  400  feet  above  mouth  of,  surface  of  water 

Bob  Creek,  mouth  of,  surface  of  water , 

Chevalley  Rapids,  foot  of,  surface  of  water 

Above  rapids,  surface  of  water 

Brunno  Falls,  at  boat  landing,  west  bank  of  river,  below  main  falls 
and  just  above  Chevalley  Rapids,  125  feet  south  of  old  house,  50 
feet  from  water,  bowlder  2  feet  square,  chiseled  square 

Brunno  Rapids,  foot  of,  surface  of  water , 

Brunne  Rapids,  head  of,  surface  of  water 

Fisher  River,  mouth  of,  surface  of  water , 

Holcombc,  foot  of  rapids,  surface  of  water 

Ilolcombe,  foot  of  dam,  surface  of  water 

Above  dam,  surface  of  water , 


South  entrance  to  bridge  over  flooding  dam,  500  feet  west  of,  south 
side  of  highway,  50  feet  south  of  river,  on  bowlder  in  fence,  chis- 
eled square 


Deer  Tail  Creek,  mouth  of,  surface  of  water 

Flambeau,  po6t-offic«,  at  intersection  of  Flambeau  and  Chippewa 
rivers,  on  point  of  land,  nail  in  root  of  tree 

Junction  of  rivers,  surface  of  water 


947.40 


954 
961 
966 

9S4. 19 

967 

993 

995 
1,004 
1,020 
1,036 

1,046.65 
1,036 

1,055.09 
1,050 
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survey  of  and  elevatioiiH  on 55-58 
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Anthony  Shoals,  Ga. ,  water  power  at 39 
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and 81 
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Barnes  Shoal,  Ga..  water  power  at -17 

Bartletfs  ferry,  Ga.,  water  power  near 72 

Bell  Creek,  Ga.,  water  power  at 81 

Bench  marks,  establishment  of 9 

Bt^rner,  Ga.,  survey  between  Highfallsand.       68 

Bert,  Gn.,  water  power  at  and  near 74 

Big  Bull  Slough,  Ga.,  water  power  at 72 

Big  Creek,  Ga.,  water  power  near 98 

Blairsville.  Ga.,  survey  between  Murphy 

and 87 
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Biishhead  Shoals,  Ga.,  water  power  at 67 

Caldwell,  Carrol,  work  under  direction  of. .      19, 
24,29,36.40,83,89,91 
Cane  Creek,  Ga.,  water  power  at  and  near.  82-83 
Camesville,  Ga..  sur\'ey  between   Lisbon 

and 39 

Catawba  River,  N.  C,  profile  of 14 

survey  of  and  elevations  on 13-17 

Centralhatchec  Creek.  Ga.,  water  power  at.       67 

Charlie  Creek,  Ga.,  water  power  near 93 

Chattahoochee,  Gn.,  survey  between  Frank- 
lin and 66 

Chattahoochee  River,  Ga.,  profiles  of 62, 67, 73 

survey  of  and  elevations  on .*....  61-74 

Chattooga  River,  8.  C.-Ga.,  profile  of 85 

survey  of  and  elevations  on 34-39 

Cherokee  Lumber  Co.,  dam  of 81 

Cherokee  Shoals,  Ga.,  water  power  at 29 
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water  power  at 99 
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profile  of 103 
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Columbus,  Ga.,  survey  between  West  Point 

and 71 

water  power  near ?2 

Connelly  Ford,  N.  C,  water  power  at 13 

Connelly  Springs,  N.  C,  survey  between 

Marion  and 13 

Constitution,  Ga.,  survey  between  Macon 

and 46 

water  power  near 46 

Cowpen  Shoals,  Ga.,  falls  at 40 

Crown  Gold  Mining  Co.,  dam  of 77 

Dames  Shoals,  Ga. ,  water  power  at 48 

Denton  Ford,  Ga.,  water  power  at 18 

Detwiler  Shoals,  Ga.,  water  power  at 40 

Dial,  Ga.,  survey  between  McCays  and 92 

water  power  near 93 

Eagle  Rapids,  Wis.,  water  power  at 99 

Eau  Clair,  Wis.,  water  power  at  and  near . .       99 

Ellis,  L  R.,  work  of 97 

Fishdam  Shoals,  Ga. ,  water  power  at 39 

Fishtrap  Shoals,  Ga.,  water  power  at 67 

Fitch,  F.  T..  work  of 98 

Fitch,  I.  T.,  work  under  direction  of 73 

Flambeau,   Wis.,   survey   between    Reeds 

Landing  and 97-98 

Flat  Shoal,  Ga.,  water  power  at 46 

Flatwood.s,  Tenn.,  survey  between  Lobel- 

ville  and 10 

Franck,  F.  A.,  work  under  direction  of 48, 

52,66,69,62,67,75,78 
Franklin,  Ga.,  survey  between  Chattahoo- 

cheeand 66 

Galloway,  Ga.,  water  power  at  and  near 9i< 

Gannett,  S.  S.,  acknowledgments  U) 10 

Gannett  Bridge,  Ga.,  water  power  at 76-77 

Geological  Survey.  United  Statt»s,  daturas  of, 
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